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I  —  IHTRCDPOTION 


the  following  microbiological  study,  limited  to  the  cultural  and 
biochemical  characters,  represents  only  part  of  a  complete  study  that 
we  are  making  on  Malassez  and  Vlgnal's  bacillus  and  its  role  in  human 
and  animal  pathology. 


After  having  for  a  long  time  occupied  only  the  attention  of  ve¬ 
terinarians,  Malassez  and  Vignal*s  bacillus  has  been  creating  in  the 
last  few  years  a  new  interest  by  reason  of  the  extension  of  our  knowl¬ 
edge  of  its  role  in  human  pathology.  This  knowledge,  originally  li¬ 
mited  to  a  few  rare  observations  of  a  septicemic  form  (less  than  twenty 
in  the  world-wide  bibliography)  and  to  a  few  still  more  rare  obser¬ 
vations  of  localized  forms  (ocular,  pulmonary  and  perhaps  splenic), 
has  been  enriched  by  the  discovery  of  a  major  form:  acute  mesenteric 
adenitis  with  Malassez  and  Vignal's  bacillus  (Knapp  and  Masshoff , 

1954;  Knapp,  1954;  Gkraber  and  Knapp,  1955;  0.  Oirard,  195^1959). 

This  organism  has  now  become  almost  commonplace  and  several  hundred 
cases  of  it  have  been  diagnosed  in  less  than  ten  years  throughout  the 
world,  more  than  one  hundred  of  which  in  France  during  the  last  four 
years. 

In  a  second  stage,  the  individualization  of  purely  digestive 
forms  (Kulhmann  and  Hermann,  1955;  Braun  and  Muller,  1957;  Knapp, 

1959;  Schmidt,  1959;  Mollaret,  1960-1962),  of  forms  limited  to  a 
nodose  erythema  (Morger,  1962,  Mollaret,  1962)  or  of  ganglionic  forms 
with  a  localization  that  is  no  longer  mesenteric  but  cervical,  (Mol¬ 
laret,  1962)  shows  the  increasingly  Important  position  that  this  germ 
is  occupying  from  now  on,  both  in  medical  and  surgical  pathology. 

In  another  field,  we  seem  to  be  witnessing  at  present  an  exten¬ 
sion  of  the  geographic  distribution  of  the  infection  among  animals, 
and  this  rcle,  increasing  as  it  beocmes  better  known,  of  Malassez 
and  Visual*  a  ba.O.llus  both  in  human  and  in  veterinarian  medicine  justi¬ 
fies  the  bacteriological  study  that  we  present  here. 

Finally,  from  the  dootrinal  point  of  view,  the  study  of  this 
germ  is  par&rHarly  interesting  In  view  of  its  relationships  with 
the  plague  bacillus,  relationships  that  are  close  enough  to  raise  a 
doable  problem,  one  purely  practical,  the  problem  of  criteria  of  dif¬ 
ferentiation  of  the  two  gems,  the  other  dogmatic  and  taxonomic,  con¬ 
cerning  their  exact  degree  of  relationship  and  their  position  in 
sy stomatology. 

Since  we  had  a  collection  of  strains  of  Malassez  and  Vlgnal(s 
bacillus  that  we  received  from  Truohe,  Dujardin-Beaumetz,  Q.  Oirard, 
and  increased  from  tine  to  time  with  strains  that  we  isolated  in  man 
and  animal,  in  addition  to  those  that  were  sent  to  us  for  identifica¬ 
tion  and  typing  [See  Note],  and  numerous  strains  of  Tersln*s  bacillus 
kept  in  the  Plague  Department  of  the  Pasteur  Institute  and  in  its 
branches  outside  of  the  capital,  we  tried  to  determine  the  present 
state  of  knowledge  on  the  oultoral  and  biochemical  character  of 
Malassez  and  VignalU  bacillus. 

([Note 1 ]  We  are  particularly  grateful  to  Dr.  A.  Lucas, 

Director  of  the  Central  Laboratory  for  Veterinary  Research  of  the 
Ministry  of  Agriculture,  for  the  abundant  material  for  which  we  are 


indebted  to  bias.) 

Oar  study  ins  extended  to  61?  strains  of  this  genu,  49?  of  which 
were  isolated  in  France  and  120  abroad  [See  Rote],  of  the  following 
animal  origins  t 

Hares  **••••••••••••  286  strains 


Guinea-pigs  ,, 
Birds 

Men  . . 

Rabbits  . 

Monkeys  ••*..< 
Rats  and  sloe 
Turkeys  „•••*. 


Various  •••••• . .  104 

and  that  are  distributed  as  follows  in  the  fire  serologic  types  known 
at  present! 

Type  I  • . 402 

type  n . . . 119 

tyre  m  . .  27 

type  IV  •••••••»••••  6 

type  V . .  6 

Unclassified  (auto-agglutinative)  strains  ...  57 

([Hotel]  1  amber  of  then  are  due  to  the  kindness  of  Mme.  Q. 

V.  Bulaneva-Zhuohenko  (Qeaaleya  Institute,  Moscow),  Mae.  L.  A. 
Timofeyeva  (Institute  of  Antiplague  Researoh,  Irkutsk),  Mr.  V. 
Frederlksen  (Oovemaent  Serum  Institute,  Copenhagen)  and  Mr.  P.  Zwart 
(Institute  for  Tropical  and  Protosoan  Research  of  the  Royal  University 
of  Utrecht*) •) 

We  hate  had  the  privilege,  thanks  to  Sr.  H.  Marneffe,  Assistant 
Director  of  the  Pasteur  Institute  at  Paris,  of  being  able  to  undertake 
our  work  under  Dr*  0.  Girard,  head  of  the  Plague  Department  of  the 
Pasteur  Institute,  and  to  benefit  in  that  way  from  his  invaluable 
experience* 

Another  privilege  was  granted  to  us  by  Professor  V*  van 
Straelen,  President  of  the  Institute  of  Rational  Parks  in  the  Belgian 
Congo*  the  privilege  of  working  in  1955-1956  and  1957-1958  on  the 
exceptional  staff  of  the  Albert  Rational  Park,  aneient  central  Afri¬ 
can  home  of  the  plague*  Our  interest  in  this  germ  was  born  while  we 
were  isolating  Halasses  and  Vi  goal's  bacillus  [See  Rote]  in  Dendrohar- 
rax  oanght  in  Ravens ori  (1958). 

([Rotei]  Henceforth  we  shall  use  only  the  term  Malasses  and 
Vignal’s  bacillus  and  reject  the  terms  Pasteurella  pseudotuberculoais 
and  "peeudotobereulosis”  in  view  of  the  constant  confusion  they  create. 
Malasses  and  Vignal's  bacillus,  which  was  as  unfortunately  classified 
in  the  genus  Pasteurella  as  were  the  agents  of  plague  and  tularemia, 
does  not  have,  as  do  tne  other  two,  any  other  connection  with  Paeteu- 
r*l~U  septioa  than  a  morphological  resemblance  that  a  number  of  other 
speoies  also  have*  In  daily  practice  (in  particular  in  requests  for 
serologic  examinations),  there  is  constant  oonfusion  between  Pasteu- 
rella  scotloa  and  Pasteurella  peeudotuberoulosis .  both  of  which  have 

Pasteurella. 


and 

their  own  human  pathology.  The  term 
oonfusion* 

lbs  torn  poeudotubereulosls  is  just  as  dangorousi  Malasses 
and  Vignal’s  bacillus,  gram-negative  and  non-aeidUaleohol  resistant, 
has  no  eonnsetion,  either  with  the  tuberculosis  baoillns  or  with  the 
para tuberculosis  bacilli,  or  with 


both  of  which  have 
therefore,  leads  to 
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(Preisfz  and  Nocard4 s  bacillus),  or  with  the  great  number  of  "pseudo- 
tuberculoses"  whose  various  agents,  inert  or  alive,  bacterial,  my¬ 
cotic,  parasitic,  etc.,  are  perpetually  confused  with  Pasteurella 
pseudotuberculosis . 

The  most  constant  and  serious  confusions  occur  between  "tuber¬ 
culosis"  ,  "paratuberculosls"  and  "pseudotuberculosis " .  We  can  no  longer 
count  the  number  of  patients  subjected  to  Rim if on  after  a  positive 
serodla gnosis  of  "pseudotuberculosis."  Therefore,  we  shall  henceforth 
use  only  the  term  Malassez  and  Vignal‘s  bacillus  and  we  hope  to  se9 
both  the  term  of  Pasteurella  and  of  pseudotuberculosis  rejected  in  so 
far  as  it  is  concerned.) 

We  express  particular  gratitude  to  Madame  D.  Piechaud  and  to 
Mr.  M.  Piechaud,  who  discovered  the  first  French  case  of  acute  me¬ 
senteric  adenitis  with  Malassez  and  Vignal's  bacillus  (1952),  for  the 
experience  from  which  we  derived  great  profit. 

Finally,  we  are  very  grateful  to  Mr.  A.  Chevalier  and  to  Made¬ 
moiselle  M.  C.  Deplanche  for  the  very  efficient  technical  assistance 
they  gave  us  in  this  work,  and  to  Mademoiselle  S.  Lagniez,  whose  co!U 
laboration  we  owe  to  the  financial  generosity  of  the  SFECIA  Labora¬ 
tories. 


Halaaaps  and  Tignal's  ba ell 3  us  grows  easily  In  the  usual  mediums 
and  has  no  special  nutritive  requirements. 

Berkn&n  (1942),  while  he  was  studying  comparatively  the  require. 
Bents  of  the  different  Pasteurella  for  aeeessory  growth  factors,  de¬ 
monstrated  that  Halasses  and  Yignal'a  bacillus ,  like  Ter  sin’s  bacillus, 
dsTelope  perfectly  In  a  synthetic  meditm  containing  15  amino  adds, 
mineral  salt*  and  glucose  (differently  from  P.  septlca  and  P.  tala, 
renaia).  as  it  does  In  hydrolysate  of  gelatin,  in  which  P,  septica 
does  not  grow  without  the  addition  of  nicotinamide  and  pantothenic 
add* 

These  modest  nutritive  requirements  are  sufficiently  clear, 
ao  far  as  Tersin's  bacillus  is  concerned,  to  recommend  different  tech¬ 
niques  for  differentiating  the  two  germst 

a,  'Ib*  utilisation  of  simple,  plain  geloee  would 
permit,  according  to  Bessonova,  h  distinction  baaed  on  the  fact  that 

In  this  medium  Tersin's  bacillus  usually  grows  restrictedly,  in  iso¬ 
lated  colonies,  whereas  Males  set  and  Tignal's  bacillus  is  abundantly 
developed  after  24  hours.  Taylor  (l?33/»  in  the  Report  of  the  Haffkjne 
Institute  for  the  leer  1931.  recamaends  the  following  differentiation 
method  based  on  seeding  a  email  number  of  germs  on  plain  gelosei  with 
the  aid  of  a  1  ms  rod,  dilutions  of  the  two  gems  are  made  in  tubes 
containing  10  ml  of  phyaiologio  serum.  These  dilutions  are  then  seeded 
by  spreading  part  on  geloee  with  blood  with  a  rod  1  mm  in  diameter  and 
pert  on  plain  goloae,  but  with  t  S  m  rod.  Tersin's  bacillus  yields 
distinct  colonies  on  geloee  with  blood,  but  no  culture  appears  on  plain 
geloee,  whereas  Releases  and  Tighal'a  bacillus  grows  equally  well  on 
both  mediums* 

DuJardin'Beatmet*  (1934),  like  0.  Girard,  likewise  sees  in  the 
unequal  rapidity  of  development  of  the  two  germs  a  good  differentiation 
criterion  at  the  tf  *•*•*7  §•»  that,  when  it  leaves 

the  orntnian,  grows  rapidly  on  geloee  la  net  a  plague  baoillns”  (0. 
Girard), 

b.  Bessonova*  e  "add  peer  geloee11.  This  medium  was  proposed 

by  Bessonova  (1929)  who  dmsonetrated  that,  although  cultures  of  Halasses 
end  Tignal's  bacillus  and  Tersin's  bacillus  are  identical  os  geloee 
without  behillon,  or  on  a  culture  medium  with  a  lew  pB,  the  combina¬ 
tion  of  four  factors,  "poor”  gelbse  (in  which  bouillon  is  replaced  by 
plain  or  distilled  water) ,  a  weak  geloee  concentration  (3  paste  in 
100),  low  pB  (5*9  -  6.1)  and  a  mall  ms  aunt  of  lnoeulm,  permits  the 


•1  \»>  IS*') 


0*  mediass  and  TiooiaitsdT  medi me.  According 

to  Fablani  (15557.  tubes  of  geloee  that  have  been  used  for  several 
Tersin's  cultures  in  sueoeesion  and  have  had  the  bacilli 

removed  by  with  physiologio  serum,  become  unfit  for  cultivating 

this  gens,  but  still  permit  the  development  of  Halasses  and  Tignal's 
bacillus  and  vice-versa. 


Petragnanl  (1937)*  recommended,  in  order  to  differentiate  the 
plague  bacillus  "free  other  germs-  (although  without  specifying  Malassez 
and  Vignal*s  bacillus  by  name)  the  use  of  gelose  that  has  been  used  for 
cultivating  Yersin's  bacillus  and  then  autoclaved  and  rehydrated. 
Yersin's  bacillus  would  not  grow  any  more  in  these  "exhausted"  mediums, 
in  contrast  to  the  other  species. 

The  use  of  these  two  techniques  did  not  yield  any  conclusive 
results* 

c*  Synthetic  Mayeda  (192?)  proposed  a  synthetic 

medium  free  from  proteins,  not  suited  foe  the  growth  of  Yersin's  ba¬ 
cillus  or  for  P*  septica.  but  in  which  Malassez  and  Vignal's  bacillus 
develops  in  three  days. 

The  addition  of  glycerin  (Baumann,  1927?  Poppe.  1928;  Dajardin- 
Beaumetz,  193*0  or  of  sugar  (Poppe)  or  of  serta  (Baumann,  1927)  favored 
the  cultures*  Cultures  were  especially  abundant  in  Nicolle  and  All. 
laire's  medium  (gelose  with  glycerin  peptone  bouillon  (1  part  5n  100) 
and  macerated  potato,  according  to  Dujardin-Beaumetz  (193*0  and  Haudurcy 
(1953)*  According  to  Topley  and  Wilson  (195*0  and  Knapp  (I960)  and 
ourselves,  the  cultures  are  not  influenced  by  the  addition  of  serum 
or  of  glucose  and  they  are  slightly  inhibited  by  glycerin. 

According  to  Jackson  and  Morris  (1961),  Malassez  and  Vignal's 
bacillus,  as  well  as  Yersin's  bacillus,  does  not  develop  in  human 
serum  beyond  24  hours,  unless  iron  is  added  to  it. 

Culture  temperature* 

The  extreme  culture  temperatures  compatible  with  the  vitality 
of  the  germ  are  4°  and  43°  for  Wilson  and  Miles  (1955)  and  Bergey 
(1957),  0°  to  40°-4l°  for  Zlatogoroff  (1904),  Oo  to  45°  for  Toumanski 
and  colleagues  (1935)* 

Zagarl  (1890)  gives  the  figures  of  46°  to  48°  as  the  upper 
culture  limit,  whereas  Zlatogoroff  (1904)  and  Dujardin-Beaumetz  (1934) 
state  that  there  is  no  more  growth  above  40°-4l°.  Lucet  (1898),  never¬ 
theless,  obtained  cultures  at  400-41°  and  Toumanski  and  colleagues 
(1935)*  who  observed  growth  between  40°  and  45°,  give  this  last  figure 
as  the  temperature  limit  for  the  development  of  Malassez  and  Vignal's 
bacillus  and  Yersin's  bacillus. 

The  lower  temperature  limit  was  probably  ♦5°,  according  to  Poppe 
(1928).  For  Dujardin-Beaumets,  colonies  do  not  appear  before  the 
seventh  day  between  48°  and  410°.  For  Zlatogoroff,  the  gem  would 
probably  not  develop  at  0°,  but  Toumanski  and  colleagues  obtained  a 
culture  at  that  temperature  and  observed  that  at  extreme  temperatures, 
both  upper  and  lover,  Malassez  and  Vignal's  bacillus  cultures  are  al¬ 
ways  more  luxuriant  than  cultured  of  Yersin's  bacillus,  a  result  tt  t 
contradicts  those  obtained  by  Oalli- Valerio  (1903)  who  observed,  when 
he  was  cultivating  the  two  germs  comparatively  between  41°  and  -5°, 
a  slight  development  of  Yersin's  bacillus  commencing  with  15th  hour 
and  of  Malassez  and  Vignal's  baoillus  only  after  48  hours.  According 
to  Sokhey  and  Habbu  (1943)*  Yersin's  bacillus  would  probably  develop 
in  bouillon  between  -2°C  and  +45°C. 

According  to  Zlatogoroff,  the  slowing  down  of  the  growth  of 
Malassez  and  Vignal's  bacillus  ap>pears  below  18°-20O;  Knapp  (1959) 
confirmed  these  last  figures!  the  cultures  are  slightly  retarded  at 
18°-20°,  but  after  two  or  three  days  at  this  temperature  they  display 
the  same  density  as  the  one  to  tiro  day  cultures  at  30°  or  3 7°* 

The  optimum  temperature  likewise  varies  according  to  the  writers i 
the  best  yield  was  obtained  between  30°  and  3@°  for  Zlatogoroff  and  for 
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Poppe,  37°  for  Iueet  as  wall  as  for  Courmont  and  Panlasat  (1914)  and 
for  Preston  and  Maitland  (1952),  between  22°  and  30°  for  Zagari  (1889) 
who  observed  a.  poor  yield  at  38®-39®,  30°  for  Thai  (1954)  and  for 
Vila on  and  Miles  (1955) I  aoeordlng  ~to  KnApp  (1959)  thd' greatest 
multiplication  of  the  germ  takas  place  at  30°  and  the  optimal  is  included 
batmen  24®  and  37°*  Personally,  we  locate  this  optimum  between  28o 
and  37 °»  bat  two  points  mast  be  taken  Into  consideration: 

a*  On  the  one  hand,  the  vitality  of  the  gam  is  influenced  very 
much  by  the  col tore  tempera tore.  Although  a  number  of  authors  were 
able  to  keep  cultures  in  the  incubator  at  37°  for  varying  periods  of 
time  (three  months  on  gelose  for  Laoet  (1898),  seventy. two  days  on 
geloee  and  thirty-five  days  in  bouillon  at  38°  for  Megnin  and  Mosny 
(1891) t  others  observed  a  rapid  stoppage  of  the  cultures.  Thus  Gate 
and  Bllla  (1928)  ascertained  that  the  gem  did  not  develop  at  3?° 
beyond  two  to  three  generations,  a  figure  that  is  certainly  quite  in¬ 
sufficient,  but  we  also  at  times'  saw  cultures  die  off  beyond  one 
week  at  37°« 

Ql  the  contrary,  their  vitality  is  altared  lees  at  28®,  as 
had  been  demonstrated  by  laoet  (1698)  mhoee  strains  were  still  trans¬ 
plantable  after  four  months  of  cultivation  at  28°,  whereas  they  were 
not  transplantable  after  three  months  at  37°* 

b.  On  the  other  hand,  the  culture  temperature  influences  a 
ember  of  characters  of  the  germ,  such  as  mobility,  dissociation, 
virulence  and  various  bioehsmioal  qualities.  This  influence  will  be 
discussed  in  detail  in  the  respective  chapters i  let  us  only  say  here 
that  the  tendency  to  for*  rough  variants  and  the  tendency  to  lose  mo¬ 
bility,  virulence  and  even  vitality  at  37°  (although  germs  in  phase  S 
retain  their  maximal  virulence  between  22°  and  28o  —  P.  Boquet,  1937, 
Prests*  and  Maitland,  1952) ,  should  make  us  prefer  systematically 
culture  temperatures  included  between  20®  and  30° •  levertheless,  certain 
tests  require  a  particular  thermic  optimum  370  for  examining  urease, 

18®  fur  a  culture  in  Simmons'  medium,  28®  for  attacking  sodium  malo- 
nate  (Mollaret,  1961). 

It  appears,  moreover,  that  the  incubation  temperature  may  in¬ 
fluence  the  culture  at  the  time  of  isolations  Rosenwald  and  Dickinson 
(1944),  fey  (1956)  and  Knapp  (1956)  discovered  same  human  or  animal 
•trains  that  grew,  ahem  Isolated,  only  at  ro«m  temperature.  This  is 
the  temperature  recast  ended  by  Pfeiffer  as  far  baok  as  188 9. 

Jfia 

Tbs  optima  pB  required  by  Malaases  and  Vignal'e  bacillus  is 
placed  between  6  and  6  (Knapp,  1959)*  The  extreme  limits  of  tolerance 
were  5*8  and  8.**  for  1*  Korobkova  (1929),  6.5  and  9  for  J.  Dau  (1951), 
5.2  and  10  fur  Knapp. 

Aoeordlng  to  Bessonova  (1929),  although  Malaases  and  Tignal's 
bacillus  and  T arsin' s  bacillus  tolerate  the  same  acidity  (5*9  to  7) 
is  the  usual  geloee  medium a,  all  the  strains  of  Tersin's  bacillus  did 
not  develop  in  geloses  at  pfl  6.4  and  below  without  a  definite  concen¬ 
tration  of  geloee  (2  parte  in  100),  as  oontrmated  with  Malaases  and 
Tlgnal*s  that  always  grbirs  on  this  medium  (Bessonova's  acid 

peer  geloee). 

9ms  acidity  of  the  medium  involves  the  appearance  of  long,  fila¬ 
mentous  forms,  like  the  ones  that  Oats  and  Bllla  (1928)  observed  on 
Sahomraad's  a  dim.  It  also  favors  the  oocurrenoe  of  ({-variants 
(Knapp,  1959/  and  tends  to  interrupt  the  mobility  of  the  germ. 

Althogh,  aoeordlng  to  Preston  and  Maitland,  pH  variations  have 
no  inflnano'  on  mobility,  aooerdimg  to  P.  Boquet,  who  cheeked  paral- 


leily  variations  in  pH  and  mobility  at  28°  in  a  Sau+rr  -y^+'-'o+ic  vul¬ 
ture  medium  containing  2  parts  in  1,000  of  glucose  in  place  of  glycerin, 
mobility  decreases  as  acidity  increase.  According  to  Knapp,  a  few 
rare  strains  may  still  retain  mobility  at  pH  10,  and  all  are  immobile 
at  pH  4.  The  optimum  pH  for  obtaining  a  good  mobility  is  between  ? 
and  7.3  (P.  Boquet,  1937.  Preston  and  Maitland,  1952). 

Influence  of  atmospheric  oxygen. 

The  bibliography  on  the  subject  has  been  especially  rich  in 
differences  in  opinion  on  this  point  ever  since  Nocard  and  Masselin 
(1889)  established  the  potential  aerobic  and  anaerobic  character  of 
Malassez  and  Vignal's  bacillus. 

The  possibility  of  development  in  anaerobiosis  was  subsequently 
denied  by  Zlatogoroff  (1904),  Megnin  and  Mosry  (1891),  who  state  that 
"repeated  attempts  to  cultivate  in  a  vacuum  or  in  the  presence  of  an 
inert  gas,  such  as  illuminating  gas,  have  consistently  remained  with¬ 
out  result",  by  Messerschmidt  and  Keller  (1914),  Kakehi  (1916)  whose 
cultures  "on  gelose  in  a  vacuum  in  accordance  with  Bulloch's  method 
(pyrogallol,  potash,  washin  with  hydrogen)  did  not  show  any  appre¬ 
ciable  growth  in  three  d'  out  spread  rapidly  in  the  presence  of 
oxygen",  by  Schutre  (1925  J  for  whom  "strict  anaerobiosis  inhibits 
growth  completely"  and  by  Dujardin-Beaumetz  (1934)  whose  cultures 
"were  almost  zero  when  deprived  of  air*.  According  to  Sacerdotti  (1905), 
"anaerobic  cultures  on  both  gelatin  and  gelose  by  exception  give  rise 
to  growth.  If,  after  eight  to  ten  days  of  anaerobiosis,  the  cultures 
are  again  put  in  contact  with  oxygen,  the  developnent  is  irregular. 

It  is  regular  only  if  the  germ  has  remained  not  over  two  to  three 
days  in  a  medium  deprived  of  oxygen*.  Wilson  and  Miles  (1955),  finally, 
did  not  obtain  any  culture  in  3  tab- gelose. 

Other  writers  are  of  a  less  definite  opinion?  for  example, 

Lucet  (1898)  for  whom  "the  cultures  are  less  abundant  in  a  vacuum  than 
in  air",  or  Courmont  and  P&nlMtt  (1914),  Bars  ini  (1935)  and  Winkle 
(1955)  who  observed  a  better  growth  in  the  presence  of  oxygen. 

On  the  other  hand,  the  potential  aerobic-anaerobic  character 
is  affirmed  by  Prelsz  (1894),  who  states,  however,  that  "the  bacillus 
grows  deep  in  the  puncture  and  in  the  gelatin  layer,  even  though  it  is 
very  thin,  much  mere  poorly  than  on  the  surface",  by  Pfeiffer  (1899), 
Nocard  and  Masselin  (1899),  by  Cipollina  (1900)  who  considers  the  germ 
potentially  anaerobic,  although  it  "seems  to  grow  less  well  in  the  ab¬ 
sence  of  oxygen",  by  Vicentl  (1909),  Poppa  (1913),  Saisawa  (1913). 

Baumann  (1927),  Weitzenberg  (1934  and  1935),  Bergey  (1957),  etc. 

Knapp  (1959)  confirmed  the  potential  aero-anaerobic  character 
of  Malassez  and  7ignal's  bacillus  with  the  following  reservations 
that  explain  the  differences  in  opinion  of  the  foregoing  writers  1 
on  the  one  hand,  the  inhibitlve  action  of  anaerobiosis  on  growth  is  a 
function  of  the  medium  used.  Thus,  whereas  growth  at  37".  22°  and  2° 
in  tryptose  bouillon  1s  identical  in  aerobiosis,  it  is  slowed  down  by 
anaerobiosis  in  plain  bouillon  or  in  bouillon  with  serum  or  glucose 
added.  On  the  other  hand,  the  behavior  in  anaerobiosis  may  vary  with 
the  strains  and  with  their  age.  That  is  why  some  of  them,  when  they 
leave  the  organise,  are  incapable  of  developing  in  anaerobiosis  at 
370  and  are  cultivated  only  In  anaerobiosis  at  2 2°  (Knapp,  19»0). 

Finally,  the  tendency  toward  dissociation  and  the  appearance  of  R- 
foras  is  greater  in  anaerobiosis  (Knapp,  1959). 

Although  Schttse  and  Bassanein  (1929)  demonstrated  that,  in 


liqtdd  suitar*  mediums,  oxygen  exerted  an  inhibitive  action  on  Tersin's 
bacillus  and  not  on  Malassez  and  Vignal's  bacillus ,  and  although  they 
proposed  using  this  character  to  distinguish  between  the  two  germs, 
the  differences  in  behavior  of  Malassez  and  Vignal's  bacillus  and  Ter- 
sin's  bacillus  in  deaerated  solid  mediums  (deep  gelose,  VF  glucose 
gelose,  Legroux's  gelatin  gelose)  do  not  seem  to  have  received  any 
attention  from  a  practical  point  of  view,  in  spite  of  the  consistency 
of  the  aspects  displayed.  We  seeded,  by  way  of  comparison,  several 
hundred  strains  of  both  germs  In  these  different  mediums  and  we  always 
obtained  a  development  of  Malassez  and  Vignal's  bacillus  in  the  entire 
upper  part  of  the  tubes  [See  Rote  1],  whereas  the  plague  bacillus  de- 
velops  only  in  the  aaaerobiosis  area  and  only  rarely  yields  colonies 
in  the  aerobic  area  of  the  mediums  [See  Rote  2],  characters  already 
observed  by  M,  Piechaud.  Therefore,  Malassez  and  Vignal's  bacillus 
must  be  considered  a  potentially  aerobic-anaerobic,  while  the  behavior 
of  Tersin's  bacillus  in  deep  gelose  tends  to  confirm  the  results  of  Rao 
(1940)  and  Herbert  (1949).  According  to  Girard  and  Heel  (1946),  there 
probably  is  reason,  moreover,  in  so  far  as  the  latter  germ  is  con¬ 
cerned,  to  consider  the  number  of  germs  seeded  and  the  date  that  co¬ 
lonies  appears  "Let  us  note,"  these  authors  write,  "that,  although  with 
seeding  on  the  order  of  500,000  to  one  million  gems  colonies  are  ob¬ 
served  in  the  entire  upper  part  of  deep  glucose  gelose,  -ilth  the  amounts 
of  gems  that  me  used  in  this  experiment  (varying  from  50  to  50,000), 
during  the  first  two  to  three  days  me  saw  colonies  only  in  the  anaero- 
bioais  area  of  the  gelose;  the  development  was  seen  in  the  meso- 
aerbbie  and  aerobic  areas  only  after  this  period  of  time.  We  observed 
the  same  phenomenon  with  VF  glucose  deep  gelose,  2  parts  to  1,000, 
that  yields  results  comparable  to  the  ones  obtained  with  Uclaf  glucose 
peptone  stab  gelose.0 

([Hote  li]  According  to  J.  Dumas  (1958)  and  Percebois  (1961), 
the  colonies  mere  probably  more  numerous  in  the  area  of  aerobiosls;  we 
did  not  verify  this.) 

( [Hote  2«]  Except  for  Girard  and  Robic's  E.V.  strain  that  grows 
in  the  entire  upper  part  of  the  medium.) 

Qft  Mali  aeedtogfo 

The  facility  with  which  Malassez  and  Vignal's  bacillus  is  cul¬ 
tivated  is  contrasted  with  the  difficulty,  even  the  impossibility,  of 
obtaining  a  development  of  lersln's  bacillus  in  bouillon  or  on  gelose 
when  using  a  small  number  of  germs,  a  difficulty  that  numerous  writers 
have  pointed  out  and  attempted  to  explain  as  due  to  various  causes; 
presence  of  inhibitive  substances  (Drennan  and  Teague,  1917;  Girard, 
1956),  oxidation  of  the  culture  medium  (Wright,  1934),  production  of 
oxygenated  mater  (Rao,  1939;  Herbert,  1949),  etc. 

Sehttse  and  Hassanein  (1929)  confirmed  the  ease  of  development 
of  Malassez  and  Vignal's  bacillus,  even  using  a  reduced  inoculum,  when 
they  attributed  a  special  sensitivity  of  Train's  bacillus  to  atmos¬ 
pheric  oxygen,  and  when  they  made  comparative  seedings  of  Malassez  and 
Vignal's  bacillus,  Tersin's  bacillus  and  P.  sentlca  with  a  small  number 
of  gems  and  by  adding  sodium  sulfite  or  blood  as  a  reducing  agent  of 
the  medium. 

In  a  more  general  way  and  in  comparison  with  Tersin's  bacillus, 
in  the  seme  mediums  and  under  the  same  conditions,  Malassez  and  Vig¬ 
nal's  bacillus  is  oapable  of  being  cultivated  using  a  small  number  of 
germs.  Seeding  of  sufficiently  developed  dilutions  of  both  germs  on 
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gelose  shews  the  much  greater  facility  of  Malassez  and  "'rral'p  ba¬ 
cillus  for  growing  on  the  basis  of  a  light  seeding.  The  same  is  true 
when  pathologic  products,  infinitely  les^  rich  in  bacilli,  are  used 
when  it  is  a  question  of  Malassez  and  Vignal’s  bacillus  than  when  it 
is  a  question  of  a  plague  bacillus.  Bezsonova,  Egorov  and  Melnik o /a 
(1940)  proposed  differentiating  these  two  germs  by  seeding  them  on 
gelose  using  progressively  decreasing  dilutions. 

Girard  (1956)  demonstrated  that  the  inhibitive  action  of  beef 
bouillon  on  the  growth  of  Yersin’s  bacillus,  a  phenomenon  whose  practi¬ 
cal  consequences  Baltazard  and  Bahmanyar  (i960)  appear  to  be  the  only 
ones  to  have  emphasized,  was  without  effect  with  regard  to  Malassez 
and  Vignal*s  bacillus i  "Quite  some  time  ago  E.  Dujardin-Boaumetz  had 
told  us  that  it  was  very  difficult  tc  obtain  well  isolated  colonies  of 
P.  pestls  on  gelose;  either  nothing  grew  if  the  seeding  was  too  small, 
or  the  colonies  were  confluent  with  the  denser  inoculates.  In  tne  pxague 
laboratory  solid  or  liquid  mediums  were  prepared  with  macerated  beef 
with  the  addition  of  an  equal  volume  of  Martin's  peptone  or  of  20  g 
per  liter  of  a  ccnmercial  peptone.  On  the  other  hand,  nutrient  ge¬ 
latin  was  completely  satisfactory  from  this  point  of  view,  although 
it  differed  from  the  preceding  mediums  only  by  the  substitution  of  ge¬ 
latin  for  gelose.  R.  Devignat  (in  a  personal  communication)  has  al¬ 
ways  used  gelatin  successfully  to  count  the  viable  germs  in  a  given 
suspension  of  Pa  pestls.  Therefore,  we  wondered  if  gelatin  did  net 
have,  like  blood  or  serum,  the  power  to  neutralize  the  inhibitory 
substances  in  bouillon.  The  experiment  confirmed  this.  We  prepared 
a  nutrient  gelatin  according  to  the  formula  for  our  medium  A  (nutrient 
gelose  with  bouillon  plus  20  parts  in  1,000  of  PTV  peptone)  in  which 
the  gelose  was  replaced  with  150  parts  in  1,000  of  gelatin.  One  drop 
of  P.  pestls  dilution,  that  was  incapable  of  growing  on  the  original 
medium  A,  in  a  Petri  dish,  produced,  after  spreading  out,  the  develop¬ 
ment  of  colonies  in  a  number  approximately  equal  to  the  number  pro¬ 
vided  by  the  peptone  gelose.  Only  a  slight  delay  was  noted  in  the  ap¬ 
pearance  of  colonies  on  gelatin,  although  the  dishes  had  been  left, 
in  both  cases,  at  laboratory  temperature,  about  20°C. 

Let  us  add  that  the  addition  of  blood  to  the  peptone  gelose 
does  not  introduce  any  favorable  element  in  this  medium  that  is  self- 
sufficient.  However,  it  is  not  detrimental  tc  it  either. 

It  was  interesting  to  determine  if  the  inhibitory  effect  of  beef 
bouillon  was  also  effective  on  Pasteurella  pseudo tuberculosis  by  virtue 
of  affinities  between  this  micro-organism  and  P.  pestls.  It  was  not. 
Mediums  A  (nutrient  gelose  with  bouillon  plus  20  parts  in  1,000  of 
PTV  peptone),  B  (same  medium  with  the  addition  of  10  parts  in  100  of 
deflbriaated  blood)  and  C  (PTV  peptone  gelose,  20  parts  tc  1,000, 
without  bouillon)  behaved  in  an  identical  manner  with  a  number  of 
colonies  of  the  same  order  after  seeding  dilutions  limited  to  10"5 
and  10-6  with,  a  density  analogous  to  the  density  of  P.  pestls  and 
observing  the  same  technique. 
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2.  General  characters  of  the  cultures. 


Rapidity  of  cultivation. 

It  is  analogous,  according  to  Delbanco  (I896),  to  the  cultiva¬ 
tion  rapidity  of  Escherichia  coll*  Malassez  and  Vignal's  bacillus,  on 
usual  culture  mediums,  rapidly  yields  a  aacroscopically  visible  culture, 
detectable  in  liquid  medium  (in  peptone  water  perhaps  better  than  in 
plain  bouillon),  cemencing  with  the  sixth  hour  at  37°  and  at  28©, 
whereas  the  colonies  on  gelose  are  visible  to  the  naked  eye  commencing 
with  the  tenth  hour  of  incubation  at  either  one  of  those  two  tempera, 
tores. 

The  development  is  still  faster  than  the  growth  of  Tersin's 
bacillus  (Wilson  and  Miles,  1955)*  This  rapidity  cf  the  cultures, 
especially  op  leaning  the  organism,  has  a  definite  orientation  value: 
■every  microbe  that  grows  rapidly” on  gelose  on  leaving  the  organism 
is  not  a  plague  bacillus"  (G.  Girard). 

Alkalization  of  the  mediums. 

The  tendency  of  Malassez  and  Vignal's  bacillus  to  alkalize  the 
mediums  has  been  noted  for  a  long  time  (Klein,  1900;  Korobkova,  1929; 
Dujardln*Beaumetz,  1934;  etc.)  and  seme  writers  proposed  using  this 
character  for  differentiation  with  lersin's  bacillus  (Jurkevitch,  1911). 
Thus,  the  medium  proposed  by  Hikanoroff  in  192?  shows  up  the  greater 
speed  of  alkalization  produced  by  Malassez  and  Vignal's  bacillus.  It 
is  composed  of  Martin's  bouillon  previously  fermented  with  yeasts  in 
order  to  eliminate  all  sugar  from  it,  gelose  2  parts  in  100,  adjusted 
at  pE  5*7  and  with  the  addition  of  methyl  green  0.07  parts  in  100  or 
phenol  red  (or  cresol)  0*01  parts  in  10G.  When  seeded  in  striae  on 
such  a  medium,  Malassez  and  Vignal's  bacillus  culture,  becoming  more 
and  more  abundant,  produces  a  rapid  change,  whereas  the  Tersin's  bacil¬ 
lus  culture  is  more  meager  and  does  not  produce  a  change  before  5  to 
7  days* 

Fhenolphthale in  bouillon  (Zielieczky,  1902)  or  bouillon  without 
sugar  with  thymol  blue  proposed  by  Hikanoroff  (192?)  and  taken  up  by 
Schfttze  (1929)  give  similar  results. 

Korobkova  (1929)  specified  that  alkalization  is  always  pre¬ 
ceded  by  acidification,  appreciable  if  the  initial  pH  is  6.4,  insig¬ 
nificant  or  zero  if  the  initial  pH  is  $»d  to  6.0,  Then  the  alkaliza¬ 
tion  Increases  constantly,  reaching  its  maximum  by  the  30th  to  35th 
day. 

A  dally  comparison  of  the  pH  in  the  cultures  of  Tersin's  ba¬ 
cilli  and  Malassez  and  Vignal's  bacilli  shows  that,  in  the  latter,  al¬ 
kalization  is  clearly  faster,  especially  if  the  initial  pH  is  5*8  to  6.0 
and  during  the  first  week  of  cultivation.  After  this  period  of  time, 
the  differences  in  pH  between  the  two  cultures  decrease  progressively 
and  the  final  pH  is  identical  for  both  germs  toward  the  30th  to  35th 
day* 

Preston  and  Maitland  (1952)  confirmed  the  initial  aoidification 
point  out  by  Korobkova  and  ascertained  that  the  changes  in  pH  are  less 
pronounced  at  22°  than  at  37°,  with  a  more  rapid  cultivation  at  this 
last  temperature* 


No  strains  of  Malassez  and  Vignal*s  bacilli  have  ever  been  pointed  out 
as  producing  a  pigmentation,  except  for  cultures  made  on  potatoes. 

Odor, 


Although  sane  writers  (Gate  and  Billa,  1928;  Winkle,  1955) 
point  out  that  they  did  not  notice  ary  special  odor  given  off  by  their 
cultures,  others  take  it  in  account.  Thus,  according  to  Lucet  (I898), 
Malassez  and  Vignal,s  bacillus  "emits  special  volatile  products  that 
Impart  to  the  cultures,  whatever  they  may  be,  a  ve?y  particular  nau¬ 
seous  odor  of  putrefaction",  Courmont  and  Panisset  (1914)  likewise  find 
a  "disagreeable*  odor  in  cultures  in  bouillon,  milk,  gelatin  and  coa¬ 
gulated  serum,  Ravaglia  (1932)  mentions  an  odor  "resembling  somewhat 
th*  odor  of  colibacillus"  in  one  strain.  According  to  Preisz  (I894) 
"cultures  that  are  a  bit  old  give  off  a  rather  strong  bad  odor  that  is 
more  characteristic  than  the  morphology  of  the  culture". 

DujardifiiBeaumetz  (1934)  describes  this  odor  as  "disagreeably 
urinous",  Totdjt e-Ippollti  (1916),  Sanfelice  (1926)  and  Barsini  (1935) 
speak  of  an  "alliaceous"  odor  close  to  the  one  described  by  Vit/jenzi 
(1890*1909)  in  connection  with  Bacillus  opale  agllaceo,  Six  strains 
studied  by  Hendriksen  and  Jyssum  in  1961  emitted  "a  strong  odor, 
disagreeable  at  times,  quite  different  from  the  odor  of  Pastaurella 
multocida". 

This  character  is  far  from  being  constant,  but,  as  M.  Piechaud 
and  we  have  remarked  several  times,  certain  strains  give  off  an  odor 
that  is  difficult  to  define  but  frankly  disagreeable. 

Specific  gravity  of  the  cultures. 

Stiegell  (1908),  who  measured  the  specific  gravity  of  the  cul¬ 
tures  of  various  bacterial  species,  gives  the  figures  1.1?7  and 
1.215  for  cultures  of  Malassez  and  Signal's  bacillus  on  gelose,  80 
and  40  days  old,  respectively. 


3.  Characters  of  the  culture a  on  solid  mediums. 
Gelose. 


Phase  S  is  the  one  ander  which  Malassez  and  Vignal's  bacillus  is 
most  usually  found.  Colonies  of  this  type*  developed  in  24  hours  at  37°, 
are  small  in  size,  not  over  0.25  to  1  ton  in  diameter,  round,  smooth 
and  slightly  convex,  transparent  and  clear  at  first,  sometimes  iri¬ 
descent  with  a  bluish  reflection  (Preisz,  1896).  The  edges  are  sharp 
and  even*  They  become  progressively  opaque  with  a  whitish  reflection 
at  the  same  time  as  the  center  rises  and  appears  to  be  more  refractive 
than  the  periphery.  After  48  hours  the  colonies  double  in  size  and  are 
frankly  opaque. 

Growth  is  always  slower  at  22°.  Colonies  developed  at  this 
temperature  are  more  mucous  and  more  moist.  The  surface  is  smooth 
or  slightly  granular  (Knapp,  1959). 

At  room  temperature  the  growth  is  appreciably  slowed  down; 
nevertheieSS  after  48  hours  the ' feultures  are  identical  to  the  ones 
developed  at  37°  (F*  Kaufftnann,  1933). 

Although  this  is  the  aspect  of  the  germ  colonies  in  phase  S, 
the  appearance  in  cultures  at  37°  of  dry,  flat  colonies,  with  a  slightly 
granular,  dull  or  shagreen-like  surface,  while  the  edges  lose  their 
evenness,  announces  the  R-dissociation. 

Colonies  of  Halassez  and  Vignal's  bacillus  never  present  the 
viscous  consistency  so  frequently  found  in  strains  of  Pasteurella  pestts 
that  have  recently  left  the  organism  (Eastwood  and  Griffith,  1914; 
Devignat,  195*0  • 

Serum  gelose  and  ascitic  gelose. 

On  serum  gelose  and  on  aseitie  gelose,  the  colonies  are  scarcely 
more  voluminous  than  on  plain  gelose  and  attain  a  diameter  of  2  to  3  mm 
by  the  second  day.  Clear  and  transparent  during  the  first  24  hours, 
they  become  whitish  or  grayish  after  48  to  72  hours. 

Although  Baumann  (192?)  obtained  colonies  that  were  a  bit  lar¬ 
ger  by  aAttwg  serum  to  the  gelose,  Wilson  and  Miles  (1955)  rightly  deny 
any  influence  by  the  serum. 

Growth  was  probably  better  on  gelose  with  rabbit  blood  than  on 
strum  gelose,  aeeording  to  Seal  (1951),  while  Knapp  (1959)  and  we 
found  no  difference  between  the  two  mediums. 

On  gelose  with  horse  or  rabbit  blood,  the  colonies  are  more 
oompaet  than  on  plain  gelose,  aooording  to  Topley  (1955).  That  is  chiefly 
true  for  oolonies  developed  in  24  hours  at  18°,  and  at  280  they  are 
larger  than  the  ones  developed  at  37°.  They  reach  a  diameter  of  2  to  3  nm 
after  48  hours. 

Aooording  to  Devignat  (1954),  "at  20°C  and  at  30°C,  all  the 
strains  of  Pasteurella  pseudotuhereulosis  and  of  PasteureUa_  pestis 
develop  at  different  speeds  withbut  this  diversity  being  able  to  be 
attributed  either  to  the  species  or  to  the  variety  or  to  the  virulence, 
leverthelesa,  if  the  culture  is  made  on  the  surface  at  37°C»  it  is 
observed  that  the  growth  speeds  and  the  aspeot  of  the  various  strains 
beocme  uniform,  at  least  for  24  hours.  After  48  hours  at  37°C,  four 


out  of  five  strains  of  Pasteurella  pseudotuberculosis  become  grayish 
and  different  from  Pasteurella  pestis". 

In  the  first  24  hours  the  colonies  are  clear  and  transparent; 
they  become  opaque,  grayish  or  whitish  after  48  to  ? 2  hours.  A 
butyrous  aspect  of  the  colonies  was  observed  by  Mathey  and  Siddle  (1954). 
The  action  on  the  red  corpuscles  will  be  considered  farther  on. 

Coagulated  serum. 

Growth  is  always  less  good  on  coagulated  ox  serum  than  on  ge- 
lose  (Baumann,  1927;  Wilson  and  Miles,  1955)*  The  colonies  are  not 
visible  to  the  naked  eye  before  36  hours  and  never  are  greatly  developed. 
Even  after  one  week  they  do  not  exceed  0.5  to  1  mm.  Very  convex,  white 
or  opalescent,  they  have  a  glossy  appearance  with  a  visible  reflection 
when  light  touches  the  surface  lightly.  They  do  not  become  yellow 
slowly  as  is  sometimes  the  case  with  colonies  grown  on  gelose. 

According  to  Pfeiffer  (1889),  Pcppe  (1928)  and  Seifried  (1937), 
sheep  serum  produces  better  cultures  than  ox  serum  or  human  serum. 

Dorset1 8  medium. 

Here  the  aspect  is  similar  to  the  one  obtained  on  coagulated 
serum  (Moss  and  Battle,  1941).  Both  mediums  are  not  liquefied. 

Pergola* s  S.E.T.  medium. 

This  medium,  composed  of  serum,  egg  yolk  and  potassium  tellurite, 
has  also  been  used,  primarily  by  Italian  writers  (Dessy,  1925),  with 
the  same  results  as  with  the  preceding  one. 

Gelatin. 

Colonies  appear  after  24  to  36  hours  on  gelatin  in  a  Petri  dish 
incubated  at  18°  to  20°.  They  are  extremely  tenuous  and  reach  the  volume 
of  a  pin-head  only  after  48  hours.  They  are  uniformly  round,  shiny, 
whitish,  and  project  above  the  surface  of  the  medium  (Megnin  and  Mospy, 

18 il).  That  never  is  liquefied. 

Parietti  (1890),  Freiss  (1894)  and  Delbanco  (1896)  observed  an 
opacification  of  the  gelatin  in  the  vicinity  of  the  colonies  that  are 
surrounded  by  a  whitish  or  bluish  ring. 

Pfeiffer  (1889)  pointed  out  the  formation  of  small  needle-shaped 
crystals  around  colonies  on  gelatin.  According  to  Parietti  (1890) 
and  Delbanco  (1896)  the  same  formations  may  be  observed  on  the  butt 
of  gelatin  inoculated  with  a  central  puncture.  Preiss  (1894),  who 
pointed  out  the  production  of  more  voluminous  crystals  deep  down  in 
cultures  on  plain  gelose,  denies  the  formation  of  crystals  in  gelatin 
and  removes  the  value  that  Pfeiffer  attached  to  it. 

In  the  bottom  of  gelatin  aaeded  by  a  central  inoculation, 
growth  is  filiform,  confluent  at  the  top,  discrete  deep  down  and  does 
not  involve  liquefaction.  According  to  Knapp  (1959).  growth  is  faster 
in  gelose- gelatin  than  in  plain  gelose  or  in  gluoose  gelose. 

Potato. 


Although  a  very  few  writers  (Svellengrebel  and  Hoesen,  1415) 
did  not  obtain  any  development  of  Mai asses  and  Vignal's  bacillus  on 


a  potato,  most  of  than  state  that  this  type  of  culture  is  possible 
(Pfeiffer,  1889;  Zwick,  1908;  Boncinelli,  1932;  etc.),  but  is  always 
very  meager  and  most  frequently  very  slow  (Pfieffer,  1889;  Hocard  and 
Masselin,  1889;  Klein,  1889;  Zagari,  1889;  Megnln  and  Mosny,  1891,  etc.) 
in  the  form  of  a  glossy  film  that  is  first  colorless  or  whitish,  then 
yellowish  or  chamois-colored  and,  much  later,  definitely  brown  (Lucet, 
1898;  Zlatogoroff,  1904;  Schutze,  1928;  Barsini,  1935,  etc.). 

According  to  Courmont  and  Panissat  (1914),  the  colonies,  pale 
yellow  at  first,  become  brownish-red  at  the  same  time  as  the  potato 
itself  is  colored  a  very  dark  green. 

In  spite  of  this  opinion  and  in  spite  of  the  opinions  of  Parietti 
(1890),  &f  Preisz  (1896)  and  of  Dujardin-Baumetz  (1934),  the  pigmentation 
never  extends  to  the  entire  medium  but  remain  limited  to  the  culture. 

The  growth  on  potato  was  better  at  room  temperature  for  Delbanco 
(1896)  and  also  it  was  possible  only  around  20°  according  to  Brigham 
and  Rettger  (1935)*  According  to  Bergey  (1957).  it  was  barely  visible 
before  the  seventh  day*  In  fact,  the  culture,  more  abundant  at  37°  than 
at  18°,  is  visible  commencing  with  the  second  to  third  day. 

Far  Dujardin-Beaumetz  (1934),  the  growth  on  potato  depends  much 
on  the  degree  of  natural  aoidity  of  the  tubers.  Although,  according  to 
Preiss  (1894),  the  bacillus  grows  as  well  on  a  definitely  acid  potato 
as  on  an  alkaline  potato,  most  of  the  writers  recommend  the  latter 
(Pfeiffer,  1889;  Poppe,  1928;  Decouse,  1934;  Ceearelli,  1950). 

Dujardiiv-Beauaets  compared  the  limited  culture  of  Malassez  and 
Yignalts  bacillus  with  the  complete  absence  of  culture  of  Versin' a 
bacillus  an  potato.  There  is  too  much  unevenness  in  the  developsent 
of  Malassez  and  Vignal's  bacillus  on  this  medium  to  be  able  to  retain 
this  criterion.  Besides,  the  tests  that  we  made  yielded,  according  to 
the  varieties  of  tubers  used  and  according  to  the  season,  results  that 
were  too  disparate  to  enable  the  a lightest  conclusion  to  be  drawn  from 
them. 

Involution  forms  were  frequently  observed  on  this  medium  (Sa- 
oerdotti,  1905;  Zwick,  1908). 


Thai  and  Chen  (1954)  and  Baltazard  and  colleagues (1956)  proposed 
this  culture  medium  to  differentiate  Malassez  and  Vignal's  bacillus  from 
Tersln's  bacillus.  According  to  Thai  and  Chen,  after  48  hours  at  37° 
Xersin's  KeMliw  cultures  are  meager;  the  oolonies,  reddish  in  color, 
do  not  exceed  the  size  of  a  pin-head  and  the  medium  is  unchanged,  where¬ 
as  the  oolonies  of  Malassez  and  Vignal's  bacillus  are  larger  in  size, 
opaque  and  yellow  in  color,  as  the  whole  medium  turns  in  general. 

Knapp  (1959),  when  he  was  comparing  the  culture  rapidity  of 
Halasses  end  Vignal's  bacillus  on  plain  gelose,  gelose  with  blood,  Sndo'a 
gelose,  and  descxyoholate  citrate  agar  at  22°  to  37°,  found  a  slight 
inhibition  of  the  cultures  with  the  last-mentioned  medium. 

At  2 20  the  colonies  are  smooth,  clear  and  transparent  during 
the  first  24  hours;  then  they  become  slightly  cloudy  and  yellowish- 
brown  after  48  to  72  hours.  The  sedixmi  Itself  is  not  modified, 
counter  to  v**!  and  Chen's  observations.  At  37 °»  the  cultures  teed 
toward  an  R-Dissociatioo  that,  at  this  t»  per  a  tore,  was  more  frequent 
on  this  medltm  on  gelose  with  blood  or  on  Kudo's  medium  (Knapp, 
1959-1960). 

Although  Thai  and  Chen  believe  that  Leif  son's  culture  medium 


facilitates  the  isolation  of  Malassez  and  Vignal's  bacillus  when  using 
contaminated  material,  Knapp  (1959)  believes  that  it  is  not  suitable 
for  isolation  when  human  stools  are  used.  Nevertheless,  Daniels  (1961), 
who  made  coprocultures  systematically  on  different  mediums,  considers 
that  the  best  results  are  obtained  on  Leifson's  medium,  by  means  of 
which  he  was  able  to  isolate  the  bacillus  once  in  man  and  nine  times 
in  the  guinea-pig. 

Judging  ffao  our  experience,  Salmonella-Shigella’s  culture 
medium  gives  results  comparable  to  the  ones  obtained  on  Leifson's  me¬ 
dium,  but  neither  of  them,  nevertheless,  offers  the  advantages  of  the 
medium  recommended  by  E.  J.  Morris  in  1958. 

MacConkey's  medium. 

On  this  medium,  utilized  originally  by  Rosenvald  and  Dickinson 
(1944)  at  the  time  of  an  epizootic  in  turkeys,  Malassez  and  Vignal's 
bacillus  produces,  according  to  these  writers,  colonies  that  are 
strictly  analogous  to  colonies  of  Salmonelleae.  Although  for  some 
writers  (Topley  and  Wilson,  1955)  colonies  grown  on  MacConeky's  medium 
are  meager  and  confluent  and  are  no  longer  transplantable  after  48 
hours,  culture  on  it  is,  on  the  contrary,  satisfactory  and  viable, 
according  to  Henriksen  and  Jyssum  (1961) .  The  absence  of  development 
P.  septlca  on  this  medium  was  a  good  means  of  differentiation  of  Malassez 
and  VignalTs  bacillus  and  Tersin's  bacillus,  for  Topley  and  Wilson  (1955) 

Wilson  Blair* s  medium. 

According  to  Knapp  (1959)  and  Percebois  (1961),  M.  Piechaud 
probably  did  not  obtain  cultures  on  this  medium  with  the  strain  that 
he  isolated  in  man  in  1952.  In  fact,  Piechaud's  article  does  not 
mention  the  use  of  this  medium. 

At  ary  rate,  it  is  difficult  to  cultivate  Malassez  and  Vignal's 
bacillus  on  it:  Knapp  (1959-1960)  did  not  obtain  visible  cultures 
after  48  hours  at  37°  and  at  22°  he  only  obtained,  after  massive  seed¬ 
ing,  a  very  meager  culture  with  a  greenish  or  chestnut  coloration  of 
the  culture  medium. 

Endo'a  geloae. 

Culture  is  good  at  22°  on  this  medium.  The  colonies  that  at 
first  are  flat,  clear,  transparent  then  slightly  cloudy,  attain  in 
48  hours  the  same  size  as  on  plain  gelose  or  on  gelose  with  blood  and 
do  not  produce  any  modification  of  the  medium.  At  37°,  on  the  other 
hand,  the  culture  is  slightly  wrinkled  and  tends  toward  dissociation. 

Lactose  gelo3e  with  brcmothymol  blue. 

On  this  medium,  colonies  are  small,  smooth,  moist,  cpalescsnt 
and  blue,  corivex  with  smooth  edges  (Moss  and  Battle,  1941). 

Drlgalskl's  medium. 

According  to  Vourloud  (1906) ,  Drigalski-Conradi's  lactose 
culture  medium  lets  Malassez  and  Vignal's  bacillus  be  differentiated 
from  Tersin's  bacillus:  "On  this  medium  colonies  of  plague  bacilli 
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ar«  colored  red  and  the  entire  median  takes  on  a  general  yellowish-red 
tint  similar  to  the  coloring  of  coll.  Colonies  of  psendotaberculosia 
rodantinm  are  not  colored  bat  the  median  takes  on  a  general  bluish- 
green  tint  similar  to  the  coloring  of  the  typhic  bacillus.  That  la 
probably  an  important  distinguishing  character  for  diagnosing  the  plague 
bacillus  and  for  differentiating  it  from  the  neeudotuberculoaia  roden- 
tlam.tt  - 

Lerche  (1927).  Baumann  (1927).  Truche  and  Bauche  (1929), 

Pallas ke  and  Reyna  (1932)  confirmed  the  aspect  of  colonies  on  this 
mediant  "Inin,  barely  risible,  bluish,  round,  after  24  hours;  they  are 
more  bins  and  more  round,  after  48  hours,  and  become  darker  and  lose 
their  transparency. *  (Truche  and  Bauche). 

Qrskov  and  Kappas  (1930)  reccaa ended  the  addition  of  1  part  in 
100  of  sucrose  to  this  medium  on  which  colonies  were  then  dark  blue. 

According  to  our  own  experience,  Halasses  and  Vignal's 
baolllns  Is  easily  grown  on  Drigalski'B  medium  at  37°.  22°  and  18°  and 
yields  moist,  glossy,  bluish  colonies  that  are  more  clear  and  more  whitish 
than  the  medium  itself.  The  appearanee  of  R-colonles  is  more  frequent 
at  37°  than  at  22°  and  especially  than  at  18 o, 

Krlstensents  lactoec  geloee. 

Colonies  are* easy  to  grow  In  it  at  28°  and  at  37°.  more  slowly 
at  180.  They  are  white,  opaque,  convex  and  glossy.  Their  confluence 
produces  a  rapid  alkalisation  of  the  medium. 

Here  the  development  of  colonies  Is  better  at  28°  than  at 
37°  or  at  18°.  Colonies  In  this  medium  are  whitish,  glossy,  opaque, 
with  a  alight  rose  reflection.  Dissociation,  constant  at  37°,  is 
much  more  rare  at  26°  in  this  medium. 

TfeijS  culture  medium  giTesv  guod  results  for  Isolating  the  ba¬ 
cillus  In  stools. 


Mat  riwi 

Colonies  appear  a  bit  faster  at  28°  and  take  on  e  bit  larger 
else  In  comparison  with  cultures  Incubated  at  37°  and  18°.  After 
24  hours,  they  are  opeque  and  whitish,  sometimes  slightly  rose,  and 
an  the  second  day  take  on  a  deep  violet  coloration,  without  a  metallic 
reflection. 

The  appearance  of  R-forms  at  37°  on  this  culture  Bedims  is  mare 
rare  than  on  Leif  eon's  media. 


Kerer  tad  JBBttteMa!!  &23>)  wnU«  llstelM&mi 


Cm  this  media,  derived  fra  Brennan  and  Teague's  (1917)  and 


containing  0*025  parts  In  100  of  mUm  sulfite  end  e  concentration 
of  gentian  violet  that  varies  according  to  the  bacteriostatic  effect 
desired  with  regard  to  Freoteus.  P.  eentloa  end  other  oentaelnanta, 
colonies  of  Halasses  and  fignal's  badlli  display  a  coloration  that 


is  restricted  to  their  periphery,  whereas  colonies  of  Tersin's 
badlli  are  only  colored  In  their  oenter.  These  results  are  partially 
confirmed  by  Bessonova  (1929)  and  Kurauehl  (1951).  According  to  the 
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latter,  if  the  growth  of  P.  septica  is  affectively  del-yed  50  to  60 
hours  and  is  even  completely  inhihVted  by  incubation  at  30°*  Pig¬ 
mentation  of  the  colonies  of  Malassez  and  VignaPs  bacilli  may  be  uni¬ 
form  and  not  exclusively  localized  at  the  periphery. 

4.  Characters  of  cultures  in  liquid  mediums. 

Bouillon, 

Pfeiffer  (1889)  seems  to  have  been  the  first  to  point  out  the 
clearness  of  cultures  in  bouillon,  with  the  production  of  flakes  and 
deposits. 

Lucet  (1898)  gave  the  following  very  complete  description  of 
cultures  of  Malassez  and  Vignal's  bacillus  in  bouillon:  uIt  grows 
abundantly  when  it  i$  seeded  in  beef  bouillon  with  the  addition  of 
peptone-  and  salt.  In  twelve  hours  it  causes  a  pronounced  turbity  that 
increadfes  subsequently  still  more  and,  in  24  hours,  forms,  on  the 
sides  and  bottom  of  the  culture  flask,  a  whitish  deposit  that  is  di¬ 
stributed  uniformly  or  in  the  form  of  large  piles.  This  deposit, 
that  is  little  adherent  to  the  sides  of  the  container,  is  easily  set 
in  motion  by  agitating  and  the  lumps  are  broken  up.  Then  the  cuJL> 
tures  assume  a  very  special  muddy  appearance.  At  rest  the  deposit 
forms  again  and  the  medium  is  cleared  up  seme what,  remaining  at  the 
same  time,  nevertheless,  still  quite  cloudy  until  the  time,  quire 
a  while  later,  when  all  growth  ceases  and  when  the  microbes  finally 
fall  to  the  bottom  of  the  container  in  the  form  of  an  extremely  abun¬ 
dant  pile,  still  lacking  in  adherence.  At  this  time  the  bouillon 
recovers  its  clearness. 

Moreover,  toward  the  fifth  day  in  the  incubator  at  37°,  or 
later  at  a  lower  temperature,  the  surface  of  the  nutrient  -lq-*ld  is 
covered  with  rather  thick,  more  or  less  numerous,  whitish  films. 

These  films,  not  very  resistant,  easily  dissociated,  resembling  greasy 
droplets  congealed  on  a  cold  liquid,  begin  to  appear  either  on  the 
edges  or  in  the  middle  of  the  free  surface.  They  spread  out  little  by 
little,  touch  each  other,  agglomerate  and  fora  a  superficial  membra^- 
nous  skin  entirely  covering  all  the  liquid  that  then  loses  a  bit  of 
its  cloudiness.  But  this  membranous  covering  is  not  very  consistent. 
The  slightest  agitation  breaks  it  up  and  reduces  it  to  fragments 
that  fall  to  the  bottom  of  the  culture  flask.  Nevertheless,  it  forms 
again  very  rapidly  under  the  same  conditions  and  this  continues 
until  the  nutrient  medium  is  exhausted,  becoming,  however,  each  time 
j.9js  aid  less  thick. 

•Scnetines  this  skin  is  not  continuous  and  exists  only  in  the 
fora  of  ■enall  lslinds,  varying  in  size,  that  float  on  the  surface  of 
the  substratum.  At  other  times  it  is  replaced  by  a  simple  ring 
adhering  to  the  sides  of  the  container,  at  the  level  of  tne  points 
of  cntact  of  the  bouillon.  Finally,  it  usually  does  not  fora 
in  cultures  made  below  20°,  or  forms  very  slightly  in  them,* 

Delbanoo  (IB96),  Siisawa  (1913),  Messersctmddt  and  Keller 
(1914)  observed  the  homogenewis  cloudiness,  but  always  slight,  of 
cultures  in  bouillon. 

According  to  Klein  (19061  and  according  to  the  Reports  of  the 
Plague  Canaission  in  India  (1908),  the  turbidity  is  not  homogeneous, 
while  ac  •  criiag  to  Zlatogoroff  (1904),  Petrie  and  Macalistar  U9H), 
Poppe  (1913),  the  bouillons  remain  clear.  These  differences  were 
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found  by  Kakehi  is  hia  comparative  stud/  is  1916 1  "lltnoogh  the  growth 
of  the  germ  Is  bouillon  is  not  very  energetic,  there  is  no  strain  that 
does  not  produce  a  certain  amount  of  turbidity  that  decreases  in  time 
and  disappears  entirely  sooner  or  later.  With  certain  strains  the 
cloudiness  disappears  is  a  few  days,  whereas  with  others  it  persists 
for  see  tins*. 

Schfttse  (1926)  was  the  first  to  have  demonstrated  that  the 
S- variants  produce  a  diffuse  cloudiness  with  the  secondary  formation 
of  a  ring  than  of  a  film,  while  the  R-variants  yield  a  flaky  culture 
with  a  acre  prcnocnoed  skin,  an  abundant  deposit  and,  sometimes,  the 
complete  absence  of  turbidity. 

Knapp  (1959)  confirmed  that  the  S-foras  produce  a  uniform 
cloudiness  at  37°  and  220  in  pepteme  bouillon  with  macerated  meat. 

This  cloudiness  is  always  more  pronounced  at  37°  than  at  22°  during 
the  first  24  hours.  Clarification  with  the  formation  of  a  deposit  and 
the  appearflBBS  of  skin  occurs  after  two  or  more  days. 

The  R-farus  that  grow  faster  and  more  abundantly  at  37°  than 
at  22°  grow  without  clouding  the  medium  with  a  rough  or  flaky  deposit. 

The  intermediate  forms  first  produce  a  diffuse  cloudiness  with 
a  deposit  and  then  subsequently  a  clarification  of  the  culture  medium 
(Boquet,  1937). 

Larohe  (1926)  believed  that  he  was  able  to  differentiate  avian 
strains  from  rodent  strains  according  to  the  aptitude  of  the  latter 
to  form  a  folded  skin,  but  his  later  observations,  confirmed  by  the 
observations  of  Truehe  and  Bauchs  (1929)  on  strains  easing  from 
turkeys,  dmunstruted  the  analogous  behavior  in  plain  bouillon  of 
all  the  strains,  regardless  of  the  source. 

The  formation  of  stalactites,  presented  in  1897  by  Khabrlne 
as  peculiar  to  Ter sin's  bacillus ,  is  also  found  in  Mslasses  and  Vig- 
nal's  bacillus,  as  was  dwonetrated  by  Tartakowski  (1901),  tlatogo- 
rcff  (1904),  and  the  manboars  of  the  Plague  Cmmdseion  in  India  (1908). 
This  aspect,  frequent  in  the  R-forms  of  Molasses  and  Tignal's  bacillus, 
therefore,  cannot  be  used  to  differentiate  the  two  germs  (Du^ardin- 
Beaamets,  1934*  Pollitser,  1954).  Harkins  (1897)  demonstrated  that 
these  pretests,  starting  at  the  surface,  are  facilitated  by  the  addi¬ 
tion  of  a  film  ef  fatty  liquid  to  the  median.  It  1s  possible  to 
obtain  tbs  awe  formations  after  several  days  of  incubation  and  with¬ 
out  any  additive,  provided  that  all  vibration  is  avoided  in  the  cul¬ 
tures  (Pollitser,  1954).  &in  and  stalactites  have,  in  faet  an 
aiti  mse  fragility  and  the  slightest  shaking  of  the  test  tub#  is  suf¬ 
ficient  to  precipitate  then  to  the  bottcm. 

The  addition  of  norms  or  of  glaeoso  to  tho  peptone  bouillon 
with  macerated  meat  dees  net  improve  the  culture,  but  growth  is  more 
abundant  and  multiplication  acre  rapid  in  tryptene  bouillon  (Knapp, 
1959). 


Peptone  water,  in  a  concentration  of  10  to  15  parte  in  1,000, 
le  am  excellent  culture  mediae  for  Maluces  and  Tigaal'e  bacillus, 
provided  that  curtain  peptone*  (P.T.T.,  I.B.F.,  bectcpepton*  Difee) 
are  need,  ami  for  Termin'*  bacillus.  In  ewparlson  with  cultures  in 
,  the  eleudlneee  developed  in  peptone  water  is  always  alight, 
especially  at  laboratory  temperature,  during  the  first  24  hours,  text 
after  IS  heart  the  aspect  becomes  prsetioally  identical  in  those 
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mediums,  and  the  cloudiness  can  even  be  more  pronounced  at  28°  ir.  pep¬ 
tone  water  than  in  bouillon. 

Just  as  they  do  in  bouillon,  skir.  and  stalactites  assume  an 
identical  aspect,  but  the  deposit  is  generally  greater. 

Peptone  water  with  the  addition  of  0.5  parts  in  100  of  glucose 
(Otten,  1926)  is  acidified  in  7  days  up  to  a  pH  at  4.6-4.8,  while  the 
addition  of  only  0.05  parts  in  100  of  glucose  produces  a  realkaliza¬ 
tion  with  a  pH  at  7  to  7.2,  after  initial  acidification.  This  se¬ 
condary  alkalization  of  the  peptone  water  with  a  weak  concentration 
of  glucose  was  proposed  as  a  diagnostic  differential  between  the 
plague  bacillus  and  P.  septica.  with  the  latter  reaching  a  possible  pH 
at  5» 1  to  5*5  or  5*8  to  6.1. 

According  to  Zlatogoroff  and  colleagues  (1928),  realkalization 
occurs  more  rapidly  with  the  R-forms  than  with  the  S-forms  of  Malassez 
and  Vignal's  bacillus. 

least  water  and  potato  water. 

Malassez  and  Vignal's  bacillus,  like  Yersin's  develops  rapidly 
in  it,  as  opposed  to  Paateurella  septica  (G.  Girard,  1942), 

Bouillon  with  tetratMonate. 

Rosetrwald  and  Dickinson  (1944)  observed  the  survival  of  the  ba¬ 
cillus  in  this  medimn.  Knapp  (1959)  confirmed  that  after  twelve  hours 
in  Difco  tetrathlonate  bouillon  there  was  no  decrease  ir  the  number 
of  germs#  whereas  there  always  is  a  definite  numerical  reduction  in 
Leif son* s  bouillon  with  selenite. 

Barslekov's  medium# 

After  Otten  (1926)  and  Poppe  (1927),  Kurauchi  (1931)  made  a 
comparative  study  of  the  action  of  Malassez  and  Vignal's  bacillus, 
of  Yersin's  bacillus  and  of  P.  septica  in  Barsiekov's  litmus  bouillon 
containing  1  part  in  100  of  glucose,  0.5  in  100  of  sodium  chloride, 
adjusted  to  pH  7.6  and  incubated  at  30°,  with  the  following  results: 
Malassez  and  Vignal's  bacillus  produces  a  strong  acidification  and 
coagulation  of  the  medium  in  24  hours,  while  P.  septica  does  not 
cause  my  modification,  and  coagulation  with  Ter  sin's  bacillus  occurs 
later  (three  to  seven  days)  and  is  particularly  irregular  (18  strains 
out  of  29). 

5.  Mobility. 

The  mobility  of  Malassez  and  Vignal's  bacillus  escaped  many 
writers  for  a  long  time  (Malassez  and  Vignal,  1884;  Pfeiffer,  1889; 
Zagari,  1390;  Delbanco,  1896;  Zlatogoroff,  1904;  MacConkey,  1906; 
Petrie  and  Macalister,  1911}  Roemisch,  1921,  etc.).  Their  descrip¬ 
tions,  without  always  specifying,  however,  the  observation  condi¬ 
tions  and  the  culture  temperatures,  Terify  the  Immobility  of  the 
germ. 

The  first  mentions  of  its  mobility  were  mada  in  1889  by 
Qrancber  and  Led oux-Le bard  who  observed  the  loss  of  this  mobility 
in  old  cultures,  by  J.  Courmont  and  by  Nocard  and  Masselin  who  des¬ 
cribe  this  bacillus  as  very  mobile.  Ramy  and  Sugg  ^1893)  canpare 
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Malassez  and  Vignal's  bacillus  with  the  typhus  bacillus  "due  to  its 
nobility,  the  number  and  form  of  its  cilia".  ' 

Pfeisz  (1894),  in  view  of  the  preceding  descriptions,  af¬ 
fixes  the  immobility  of  the  microbian  chains,  but  recognizes  "really 
some  movement"  in  the  isolated  bacilli.  Parietti  (1890),  Saeerdotti 
(1905) »  Cagnetto  (1905)  confirm  the  mobility.  Klein  (1899-1900) 
does  not  observe  any  mobility  in  hanging  drops  but  describes  one  or 
two  short  cilia  visible  after  argentic  impregnation.  Galli-Valerio 
(1902),  in  his  discussion  of  the  differentiation  elements  of  Malassez 
and  Vignal's  bacillus  and  ler sin’s  bacillus,  insists  on  the  mobility 
of  the  latter,  contrary  to  Gordon's  (189?)  opinion,  without,  however, 
reporting  any  mobility  in  the  former. 

Kossel  and  Overbeck  (1902)  deserve  the  honor  of  having  de¬ 
fined  the  mobility  conditions  of  Malassez  and  Vignal's  bacillus  as 
a  consequence  of  a  study  by  Moronesoo  (1899)  on  a  germ  isolated  from 
milk  and  "close  to  Salmonelleae",  immobile  at  37°  and  mobile  at  room 
temperature.  The  same  difference  jn  behavior  according  to  temperature 
was  observed  by  Kossel  and  Overbeck  in  three  strains  of  Malassez 
and  Vignal's  bacillus. 

Byloff  (1906)  confirms  this  mobility  in  one  strain  and  verifies 
the  presence  of  a  polar  c ilium.  The  influence  of  temperature  on  ci¬ 
lia  ti  on  was  again  confirmed  by  Burckhardt  (191*0,  Henschen  (1918) 
and  KLasaj  (1921)  who,  although  he  was  unable  to  observe  any  mobility* 
states  that  he  stained  a  single  extra-polar  c ilium. 

These  observations,  however,  are  not  admitted  by  everyone: 
Gotsehlich,  in  the  second  edition  of  Kolle.and  Wassermann  (1912), 
entrenches  himself  behind  the  opinion  of  Preisz,  while  Lehmann  and 
Hermann  (1907) ,  To’ 're  Ippoliti  (1915)*  Kakehi  (1916),  Lerche  (1927), 
Beck  (1928),  Poppe  on  the  third  edition  of  a  treatise  by  Kraus s  and 
Ohlenhuth  (1928),  describe  Malassez  and  Vignal's  bacillus  as  immobile. 

Arkwright  (1927)  confirms  its  mobility  at  18°-26°,  that  is, 
according  to  him,  a  character  adequate  for  differentiation  with 
Tersin's  bacillus,  at  the  same  time  as  he  demonstrates  the  existence 
of  a  thermolabile  flagellar  antigen. 

These  fundamental  faots  were  taken  up  in  the  later  studies  of 
Schfttze  (1929),  F.  Kanfftaann  (1933)*  Weitzenberg  (193*0*  P*  Boquet 
(1936),  Lev^nthal  (1937)*  Himmelfarb  (1937)*  Pavorisova  (1938),  Preston 
and  Maitland  (1952).  Knapp  (1956),  Klimova  (1956). 

The  mobility  of  Malassez  and  Vignal's  bacillus  must  be  con¬ 
sidered  as  a  fundamental  character:  there  are  no  immobile  strains 
(Knapp)  Just  as  there  are  no  mobile  strains  of  Tersin's  bacillus 
(G.  Girard,  Pollitzer,  etc.).  This  character,  whose  importance  was 
emphasized  by  Favoriaova,  Arkwright,  F.  Kanfftaann,  constitutes  in  our 
opinion  the  surest  cultural  criterion  for  differentiation  with  Tersin's 
bacillus  [See  Note],  in  spite  of  tlie  practical  difficulties  emphasized 
perhaps  excessively  by  Pollitzer. 

([Hotel]  With  one  single  reservation:  by  bacteriophage 
action,  Brunet  (1952)  obtained  some  definitely  immobile  mutants  of 
Malassez  and  Vignal's  bacillus.) 

The  most  remarkable  peculiarity  of  the  mobility  of  Malassez 
and  Vignal's  bacillus  is  its  rigorous  subordination  to  temperature 
conditions:  zero  at  37°  [See  Hote],  mobility  appears  toward  30° 

(Preston  and  Maitland;  Bergey).  It  is  evident  at  160-20°  (Favoriaova, 
Arkwright,  Levinthal,  etc.)  or  20°  to  23°  (Thai,  195*0 »  in  practice 
it  is  easily  observed  at  room  temperature. 
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([Hotel]  Although  almost  all  the  strains  obey  this  rule,  sene 
exceptions  have,  however,  been  pointed  out.  Although  descriptions  by 
Marracinl  (1935)  of  strains  mobile  at  36°  do  not  carry  any  conviction, 
Arkwright  (1927),  as  well  as  Weitzenberg  (1935)  and  Wolff  (1956) 
observed  sane  slightly  mobile  strains  at  37°.  Knapp  (1956)  observed, 
under  the  electron  microscope,  same  ciliated  elements  in  two  strains 
cultivated  at  37°.  G.  Girard  (1953)  likewise  reports  a  human  strain 
that  is  as  mobile  at  37°  as  below  25®.  Knapp  (1959)  gives  as  a  sup¬ 
plementary  argument  in  favor  of  a  possible  mobility  at  37°  the  pre¬ 
sence  of  anti-H  antibodies  in  rabbits  immunized  with  cultures  made  at 
37°  and  killed  by  heating  to  56°-58°  (P.  Boquet,  1937)  or  with  phenol 
(inapp,  1956)**  This  is  in  contradiction  with  the  observations  of 
Preston  and  Maitland.) 

According  to  Preston  and  Maitland,  the  "critical"  temperature 
for  variations  in  mobility  is  in  the  vicinity  of  30°.  At  2?°,  80^  of 
the  germs  are  still  actively  mobile.  At  28°,  only  50f>  are  slowly 
mobile.  At  31*5°  only  one  cell,  very  weakly  mobile,  was  found  by  these 
writers.  At  34°  all  mobility  disappears. 

Mobile  gems  in  a  culture  at  18°-20°  rapidly  become  Immobile 
again  when  they  are  brought  up  to  37°.  Preston  and  Maitland,  never¬ 
theless,  observed  a  temporary  persistence  of  the  mobility  at  37°. 

This  persistence  probably  did  not  exceed  one  to  two  hours,  according  to 
P.  Boquet.  Inversely,  strains  cultivated  at  37°  and  then  placed  at 
22°  display  already  after  several  hours  a  certain  number  of  mobile 
elements. 

These  variations  in  mobility,  easily  observable  in  vitro,  have 
also  been  noted  in  vivo.  P.  Boquet  did  not  find  ary  mobile  elements 
in  the  peritoneal  exudate  of  a  guinea  pig  that  had  been  infected, 

8  to  24  hours  before,  with  gems  cultivated  at  20°.  The  loss  of 
mobiliiy,  besides,  is  very  rapid  in  the  peritoneal  cavity.  One-  hour 
after  the  injection  of  4  ml  of  very  mobile  gems  the  exudate  no  lon¬ 
ger  contains  axytMng  but  immobile  gems. 

Conditions  of  aerobiosis  or  anaerobiosis  have  no  effect  on 
mobility  (Weitzenberg). 

The  optimum  pH  for  the  appearance  of  mobility  is  from  7  to  7.3. 
In  a  glucose  culture  medium  mobility  disappears  progresively  together 
with  the  acidification  of  the  medium  (P.  Boquet). 

According  to  P.  Boquet  (1936),  Malassez  and  Vignal's  remains 
immobile  at  18°-20°  in  Martin's  bouillon  and  displays  only  a  slight 
mobility  in  this  same  medium  or  in  plain  bouillon  with  the  addition 
of  10  parts  in  100  of  horse  serum.  On  the  other  hand,  mobility 
is  evident  in  gems  cultivated  on  gelose  with  an  agar  concentration 
of  1.5  to  2  parts  in  100  that  is  neutral  or  slightly  alkaline  (pH  7  to 
7.3) t  and  freshly  prepared  or  in  the  condensation  water  from  this  me¬ 
dium.  It  is  also  evident  after  8  to  14  hours  in  Sauton's  synthetic 
medium,  containing  2  parts  in  1,000  of  glucose  in  place  of  glycerin. 

The  addition  of  serum  or  of  glycerin  to  the  bouillon  does  not 
produce  any  appreciable  modification  in  mobility,  according  to  Weitzen¬ 
berg.  Only  Favorisova  considers  serum  as  facilitating  its  appearance. 

The  property  of  producing  flagella  constitues  a  stable  and 
transmissible  character  when  the  vegetation  temperature  stays  around 
20®.  When  it  reaches  37° t  this  property  disappears  temporarily, 
manifesting  Itself  again  as  soon  as  conditions  becana  favorable  again. 
Nevertheless,  if  the  inhibitory  action  is  prolonged,  the  temporary 
character  may  become  permanent,  according  to  P.  Boquet  who,  after  he 
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had  kapt  two  strains  of  Malassez  and  Vignal's  bacillus  for  several 
years,  was  unable  to  produce  the  reappearance  of  their  mobility  at  20<>. 

Age  could  be  a  cause  of  definitive  immobility  in  strains  pre¬ 
served  in  a  collection,  according  to  Favor is ova,  and  P.  Boquet  ob¬ 
served  the  same  immobility  only  in  the  R- variants  of  two  old  strains. 
However,  we  did  not  observe  this  ourselves,  since  we  easily  demonstrated 
the  mobility  of  strains  that  had  been  preserved  for  more  than  20  or 
even  mare  than  3°  years. 

It  seems  that  the  preservation  conditions  play  a  part  equal  at 
least  to  the  part  played  by  age.  Weitzenberg  ascertained  that  four- 
week  old  cultures,  kept  at  a  low  temperature,  were  more  mobile  than 
24-hour  old  cultures  coming  from  strains  kept  at  37°. 

Contrary  to  P.  Boquet* s  opinion,  for  whom  mobility  was  improved 
neither  by  successive  transplantings  nor  by  preservation  at  2Co,  repeated 
transplantings  in  soft  gelose  or  in  serum  bouillon  and  cultivation  at 
180.200  allow  the  most  mobile  elements  to  be  chosen  from  each  strain 
(Favorisova,  1938;  Thai,  1954) • 

When  Korobkova  took  up  again,  with  Petrova  and  S&laeva  (I960) , 
the  study  of  strains  obtained  by  her  in  1937  from  Tersin's  bacillus 
subjected  to  the  action  of  the  bacteriophage  and  whose  characters  had 
been  sufficiently  modified  so  as  to  be  no  Icager  differentiable  from 
the  characters  of  Hal asses  and  Vignal's  bacillus,  she  ascertained, 
nevertheless,  that  these  strains  remained  strictly  immobile. 

Every  strain  does  not  have  the  same  aptitude  for  giving  birth 
to  elements  endowed  with  mobility  (Favorisova;  P.  Boquet) ,  and  sane 
writers  thought  that  they  could  establish  differences  according  to  the 

origin  of  the  strains.  Strains  of  human  origin  were  especially 
considered  by  sane  as  always  immobile.  That  is  why  the  strains  iso¬ 
lated  in  the  classic  examples  of  Albrecht  (1910) ,  Heugebauer  (1933) , 
Dujardln-Bsaumetz,  Ballet  and  Cebron  (1938)  were  described  as  Immobile 
(with  no  indication,  however,  of  the  culture  temperature)  and  that  is 
why  Moss  and  Battle  (1941) ,  Sryder  and  Vogel  (1943) ,  Topping,  Watts 
and  Lillie  (1938),  describe  as  a  fact  the  immobility,  at  18o  and  at 
37°,  of  the  strains  that  they  isolated.  Knapp  himself  (1954)  and 
Knapp  ftwd  Masshoff  (1954)  shared  this  conviction  while  studying  three 
strains  isolated  from  mesenteric  adenitis  in  man. 

In  reality,  a  subsequent  examination  of  these  strains  was  to 
reveal  their  mobility.  Thus  Plasaj  demonstrated  a  eiliation  in  Al¬ 
brecht®  s  strain.  Likewise  we  observed  the  mobility  of  strains  from 
Dujardln-Beaumetz  and  colleagues,  Moss  and  Battle,  Snyder  and  Vogel, 
Topping  and  colleagues.  Knapp  (1956),  finally,  showed  that  the  immo¬ 
bility  of  the  strains  was  really  more  apparent  than  real,  related 
only  to  the  number  of  flagellate  elements  that  was  too  small  to  show 
up  by  staining  the  cilia  or  with  the  tanglng-drop  technique.  On  the 
other  hand,  the  use  of  Bader's  method  (initial  culture  in  bouillon  at 
22o  followed  by  massive  seeding  in  soft  gelose,  3  parts  in  1,000, 
in  Craigle  tubes)  shows  up  the  mobility  of  every  strain  of  Malassez 
and  Vignal's  bacillus. 

Although  no  doubt  about  the  mobility  of  human  strains  must  re¬ 
main,  it  is  not  the  less  true  that,  at  the  time  of  their  isolation, 
their  mobility  is  at  times  much  slower  and  more  difficult  to  demon¬ 
strate,  «thaa  in  strains  of  animal  origin  [See  Note], 

([Note;]  Weitzehberg,  however,  reports  a  strain  Isolated  in  a 
horse  ("Pojeziory*  strain)  the  mobility  of  which  was  particularly  dif¬ 
ficult  to  verily.) 
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Although  the  majority  of  the  strains  that  we  isolated  from  hu¬ 
man  mesenteric  ganglions  showed  up  as  mobile  commencing  with  the  first 
isolation,  in  them  and  not  in  others  mobility  may  be  late  in  appearing 
(M,  Piechaud,  1952)  and  difficult  to  demonstrate.  Wildfuhr  (1959) 
and  Beer  (I960)  share  this  opinion. 

We  made  the  same  finding  with  strains  isolated  in  the  monkey, 
which  can  also  Appear  immobile  at  the  time  of  their  isolation  (MoL. 
laret,  Sizaret  and  Vallee,  1962). 

In  practice,  it  is  not  always  easy  to  prove  the  mobility  (Weitzen- 
berg;  Pollitzerj  Knapp),  and  repeated  examinations  and  transplantings 
may  be  necessary. 

According  to  Q.  Girard  (1953)*  "the  homogeneous  cloudiness  of 
cultures  in  a  liquid  medium  at  25°  C  and  below  has  been  given  as  a 
sign  of  mobility,  in  contrast  with  the  aspect  of  cultures  at  37°  C 
like  cultures  of  Pasteurella  pestis  at  every  temperature  (skin  and 
snowy  flakes  in  a  clear  liquid) .  We  have  seen  enough  exceptions  con- 
earning  the  plague  bacillus  according  to  the  culture  medium  used  (pep¬ 
tone  water  or  bouillon),  to  the  incubation  temperature  and  above  all 
to  the  age  of  the  strains,  so  as  to  assign  only  a  relative  value  to 
this  character.* 

A  simple  examination  in  a  hangin  g-drop  (Favorisova) ,  or  on  a 
slide  under  a  cover-glass,  of  a  drop  of  culture  in  bouillon  may  suf¬ 
fice, but  0.  Girard  also  advises  against  it  in  view  of  the  risk  of 
doubtful  interpretation. 

Levlnthal  (1937)  suggested  the  direct  observation  of  colonies, 
a  technique  taken  up  by  F.  Kaufftaann  (1933)*  Weitsenberg  (193*0  and 
modified  by  Hlmmelfarb  (1937)  [See  Note]  and  Wildfuhr  (1959)* 

([Hotel]  Himnelfarb,  moreover,  recommends,  in  order  to  distin¬ 
guish  true  mobility  from  molecular  motion,  replacing  the  physiological 
serum  with  a  1  part  in  100  sublimate  solution  that  suspends  mobility 
and  does  not  alter  the  brownian  movements.) 

Seal  (1951)  advised  a  culture  in  soft  gelose  incubated  at  a 
temperature  of  25°.  This  is  the  technique  that  we  employed  because 
of  its  simplicity  and  effectiveness  and  that  G.  Girard  defined  as 
follows  in  his  project  for  the  unification  of  methods  for  differentiat- 
ing  Pasteurella  nestis  from  paendotuberculosis  (1953)  » 

"very  soft  peptone  gelose  (4  to  $  parts  in  1,000  of  gelose),  pH  adjusted 
to  7*2,  distributed  on  the  butt  of  the  tube  to  a  height  of  5  to  6  am. 

It  is  seeded  by  means  of  a  center  Injection  with  a  stiff  platinum 
wire  carrying  a  24-hour  old  culture  on  slanting  gelose.  Two  tubes 
are  seeded  like  this,  one  of  which  is  lneubated  at  200.220  c,  the  other 
at  34°-370C.  ppewriotoberoulosis  displays  all  around  the 

seeding  streak  a  cloudiness  that  has  the  appearance  of  a  cylinder,  in 
relation  to  the  diffusion  of  the  microbe  in  the  gelose,  indicating  its 
mobility  at  20°-22o.  Pasteurella  pestls  yields  a  culture  that  is 
strictly  limited  to  the  seeding  streak.  A  reading  may  be  taken  already 
after  24  hours,  but  there  is  no  disadvantage  in  waiting  three  to  four 
days,  if  the  germ  is  growing  slowly." 

Devi  gnat  (1953)  suggested  a  complex  "urea-inulimobility" 
medium,  including  0.5  parts  in  100  of  agar  and  11  parts  in  100  of 
gelatin* 

Preston  and  Maitland  use  Craigie  tubes  that  they  advise,  more¬ 
over,  sealing  in  order  to  avoid  desiccation  of  the  geloee. 

These  cultures  In  soft  gelose  are  not  free  from  criticism, 
according  to  Pollltser  (1954)  for  whom  the  mobility  of  Malassez  and 
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Vignal's  bacillus  oust  be  distinguished  from  the  tufted  appearance  that 
Tersin's  bacillus  nay  display  in  this  medium  after  several  transplant¬ 
ings*  Therefore,  in  addition  to  using  the  gelose  culture  medium,  it 
is  always  necessary  to  resort  also  to  direct  examination  in  the  fresh 
state  and  to  staining  the  cilia  after  cultivation  in  a  liquid  medium 
inoculated  at  18°-20°  or  between  20°  and  30°  (Knapp,  i960).  The 
choice  of  the  culture  medium  assumes  a  particular  Importance  in  this 
research*  Knapp  (1959)  ascertained  that,  although  most  of  the  gems 
in  strains  cultivated  in  plain  bouillon  have  three  to  six  cilia,  ele¬ 
ments  provided  with  only  one  to  two  cilia  are  found  only  when  the  cul¬ 
tures  are  made  on  gelose. 

Favor in ova  (1938)  advises  the  use  of  very  soft  gelose  (0.15 
parts  in  100)  or  of  serum  bouillon,  and  Wolf  (1956)  advocates  the  exa¬ 
mination  of  the  condensation  water  from  tubes  of  slant  gelose  (1  part 
in  100)  that  has  been  incubated  for  18  hours  at  22°. 

Various  techniques  for  staining  the  cilia  have  been  recommended: 
same  writers  suggest  Rhodes'  (1958)  technique;  Weitzenberg  (1934-1935) 
used  Zettnow's  (1891) 1  Preston  and  Maitland  (1938)  advise  Conn  and 
Wolfe's  (1938)l  Ounnison  and  colleagues  (1951)  and  Wolf  (1956)  sug¬ 
gest  Leifson's  (1930)  modified;  and  Knapp  (1959)  advises  Sous'  (1948) 
technique* 

The  number  and  the  arrangement  of  the  flagella  have  been  subject 
to  controversy  for  a  long  time.  Klein  (1899) »  after  agentic  impreg¬ 
nation,  described  one  to  two  polar  flagella.  Ejyloff  (1906)  described 
one  single  short  cilium  that  was  not  as  long  as  the  bacillary  body. 
According  to  Ejyloff,  the  shortness  and  the  singleness  of  this  organ 
accounted  for  the  slight  mobility  of  the  germ.  According  to  Burckhardt 
(1914),  most  of  the  elements  are  aciliated,  only  a  few  germs  have  from 
one  to  three  short,  peritriehous  cilia,  rarely  four.  Plasaj  (1921) 
observed  only  one  cilium,  growing  between  the  pole  and  the  equator 
of  the  germ  and  several  times  as  long  as  the  microbian  body.  Levlnthal 
(1930)  described  an  unusual  type  of  c illation,  with  a  single  cilium 
or  a  tuft  of  <ril|a  growing  at  one,  and  sometimes  at  both  poles.  In  many 
germs  the  cilium  is  probably  not  inserted  at  the  pole  itself  but 
alongside  or  quite  some  distance  away.  In  amphitxichous  strains,  the 
are  growing  in  a  diagonally  opposite  position.  Weitzenberg 
(1933)  finds,  in  general,  two  oilia,  sometimes  four  and  five  and  even, 
in  one  case,  six  oilia.  The  extrapolar  position  ie  the  most  frequent, 
according  to  him*  If  the  gem  is  monotrlchous,  the  location  of  the 
ellina  is  lateral.  In  germs  that  have  two  oilia  these  are  located 
an  either  side  of  the  baeillary  body,  opposite  eaeh  other,  or  diago¬ 
nally  to  each  other.  The  long  forms  may  appear  peritriehous.  The 
tufts  of  oilia  described  by  Levlnthal  are  exceptional  for  Weitzonberg. 
Boquet  (1937)  found,  out  of  twelve  strains,  only  one  polar  cilium  and 
rarely  four  to  five  extra- polar  oilia  in  most  of  them,  a  description 
taken  up  by  J*  Dumas  (1958), 

Since  Preston  and  Maitland's  (1952)  studies  and  above  all  since 
Knapp's  (1956-1959)  it  appears  to  be  well  established  that  Malasaez 
and  Vignal's  bacillus  has  on  the  average  three  to  six  oilia,  located 
peritriohously*  Wolf  (1956)  found  kn  average  of  two  to  five  and  Bergey 
(1957)  oounted  tr on,  one  to  six. 

Although  electron  microscopy  did  not  enable  Parnas  (1956)  to 
establish  a  dilation,  Knapp  (1956),  by  using  the  same  technics  as 
well  as  Sous*  stain,  was  able  to  state  that  most  of  the  strains  culti¬ 
vated  in  plain  bouillon  at  22©  had  three  to  six  peritriehous  oilia  and 
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very  exceptionally  only  one  to  two  cilia,  located  in  that  case  in 
juxtapolar  position*  In  the  sane  strains  cultivated  this  tine  on  gelose 
with  blood,  Knapp  no  longer  found  anything  but  germs  provided  with 
only  one  to  two  cilia  and  three  very  exceptionally. 

Although  the  influence  of  temperature  on  the  mobility  of  Malassez 
and  Vignal's  bacillus  is  evident,  its  mechanism  remains  unknown.  It 
is  not  beside  the  point  to  recall  that  this  is  a  question  of  a  pheno¬ 
menon  that  does  not  properly  belong  to  Malassez  and  Vignal's  bacillus. 

The  slowing  down  (Ch.  Nicolle  and  Trenel,  1902)  or  the  suppression 
(Braun  and  Schaffer)  of  mobility  under  the  influence  of  physical  or 
chemical  factors  was  observed  a  long  time  ago,  and,  especially,  the 
influence  of  temperature  on  mobility  was  already  noted  in  various 
species,  not  only  by  Mironesco  (1899)  as  we  have  seen,  but  also  by 
Ferrier  (1895)*  Migula  (1900),  Matzuschita  (1901),  Nicolle  and  Trenel 
(1902),  Heim  (1911),  Burckhardt  (1914),  etc.  More  recently,  Morrison 
(1961)  observed  in  his  strain  *8196*  of  Escherischia  coli.  aciliated 
and  immobile  at  37°#  the  formation  of  cilia  and  the  appearance  of  a 
mobility  after  incubation  at  20°.  Therefore,  it  is  a  question  of  a 
phenomenon  that  does  not  concern  exclusively  Malassez  and  Vignal's 
bacillus  and  whose  mechanism  has  not  yet  been  elucidated. 

Arkwright  tried  to  see  in  the  Immobile  form  of  Malassez  and 
Vignal's  bacillus  an  adaptation  to  parasitism  in  mammals  similar  to 
the  adaptation  that  was  observable  in  Salmonelleae.  This  finallstlc 
interpretation  does  not  give  us  ary  information  at  all  even  on  the 
mechanism  of  this  adaptation. 

Preston  and  Maitland  (1938)  advanced  several  hypotheses.  Ac¬ 
cording  to  thorn,  the  appearance  of  flagella  at  20°  and  their  disap¬ 
pearance  at  37°  could  be  due  either  to  the  establishment  of  dif¬ 
ferent  physicochemical  conditions  (especially  with  regard  to  the 
medium's  pH  at  various  temperatures),  or  to  the  production  of  an  en¬ 
zyme  capable  of  lysing,  only  at  37°,  the  flagella  themselves  or  same 
substanoe  indispensable  for  their  synthesis,  or  to  a  mutation  fol¬ 
lowed  by  selection,  under  the  influence  of  temperature,  of  the  only 
mobile  elements,  or,  finally,  to  the  existence  of  different  metabolic 
processes  at  37°  and  at  22°,  a  phenomenon  that  is  dose  to  the  find¬ 
ings  made  by  Hills  and  Spun:  in  1952  on  the  acid  deaminases  of  Ter- 
sln's  bacillus.  Preston  and  Maitland's  experiments  threw  out  the  first 
three  hypotheses  and  it  seems  that  research  must  be  directed  toward 
establishing  the  difference  in  the  metabolic  processes  at  220  and 
at  37 °*  In  fact,  the  disappearance  at  37°  of  the  mobility  of  strains 
of  Malassez  and  Vignal's  bacillus  cultivated  at  22°  does  not  seem  to 
be  linked  to  the  loss  of  flagella  but  to  the  establishment  of  conditions 
unfavorable  to  a  group  of  metabolic  phenomena  accounted  for,  in  Preston 
and  Maitland's  experiments,  by  the  heavy  mortality  observed  at  the 
time  the  cultures  were  transplanted  from  229  to  37°. 

These  findings  are  added  to  Morrison's  on  the  paralyzing  action 
of  incubation  at  37°,  In  the  presenee  of  ohloramphenicol,  on  the  cilia 

of  5gSteAsMfl-S^a  _ 

The  hypothesis  of  differences  at  22°  and  at  34°  in  the  meta¬ 
bolic  processes  concerning  the  mobility  of  Malassez  and  Vignal's 
bacillus  is,  moreover,  in  perfect  agreement  with  the  fact  that,  not 
only  mobility,  but  also  a  masher  of  other  characters  are  likewise 
influenced  by  the  culture  temperature.  This  had  been  known  for  a  long 
time.  In  so  far  as  the  virulence  of  the  gem  is  concerned.  Appreciable 
differences  were  also  noted  in  its  behavior  at  different  temperatures 
in  the  presence  of  sodium  oitrats,  urea  and  sodium  malonate  (Mollaret,  1961) • 
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6.  Dissociation. 

Saisawa  (1913)  and  Poppe  In  the  sane  year  were  the  first  to 
report  dissociation  phenomena  in  Malassez  and  Vignal* a  bacillus.  Three 
years  later,  Kakehi  described  three  forms  of  colonies t  transparent, 
shiny  and  slightly  bluish  "A*  colonies  that  he  considered  as  the  normal 
form,  clouding  the  bouillon  with  slight  involutions}  opaque,  grayish- 
white  *B*  colonies  that  do  not  cloud  the  bouillon  but  form  flakes,  a 
deposit  and  a  Skin;  and  mixed  "C*  colonies  closely  resembling  the  pre¬ 
ceding  ones  but  with  a  bluish  peripheric  ring,  clouding  the  bouillon 
uniformly  and  producing  flakes  and  skin. 

Then  various  types  of  colonies  are  described  by  Arkwright  (1919), 
Roemisch  (1921),  Miller  and  Gladky  (192?)  and  especially  Zlatogoroff 
and  MogUewskala  (1927-1928)  who  distinctly  individualized  the  characters 
of  the  3-  and  R- variants,  their  biochemical  and  serologic  identity  and 
their  uneven  virulence.  These  facts  were  taken  up  by  Haupt  (1928) 
who  described  three  aspects  of  the  bacillus  in  bouillon 1  homogeneous 
turbidity,  homogeneous  turbidity  with  flakes  and  stalactites,  and  iso¬ 
lated  flakes  and  stalactites;  then  by  Pokrovskaia  (1930)  who,  in  addi¬ 
tion  to  the  R-  and  S-fomas,  described  an  intermediate  *0*  type;  finally 
by  Vedder  (1933).  P.  Boquet  (1936-1937).  Mtje  (1941),  Knapp  (1959).  etc. 

The  smooth  and  rough  variants  constitute  the  two  usually  ob¬ 
served  aspects,  with  the  smooth  form  being  by  far  the  one  most  fre¬ 
quently  found. 

S- colonies  on  gelose  are  smooth,  round,  c  cm  vex,  glossy  with  even 
edges,  uniformly  translucent  or  whitish,  whereas  the  rough  colonies 
are  uneven,  notched,  larger,  flat,  with  a  dull,  dry  appearance,  opaque 
and  capable  of  being  picked  up  with  an  oeae  all  in  one  pieoe. 

Colonies  that  do  not  answer  the  description  of  either  one  of 
these  two  types  were  described:  "mixed*  or  *C*  colonies  of  Kakehi, 

"0*  colonies  of  Pokrovskaia,  "transitory*  colonies  of  Zlatogoroff  and 
Moghilewskala,  *B*  colonies  of  P.  Boquet  with  a  raised  central  area, 
surrounded  by  a  flat  area  with  irregular  edges,  "intermediary*  colo¬ 
nies  of  Knapp,  eto. 

The  S-eoloniea  are  easily  emulsified  in  physiological  water 
and  the  suspensions  obtained  remain  homogeneous  after  four  hours 
in  the  incubator  (Kakehi,  I9I61  Pokrovskaia,  1930;  P.  Boquet,  1937), 
whereas  the  R-oolonies  are  difficult  to  emulsify,  have  a  tendency  to¬ 
ward  auto-agglutination  (Lttje,  1941)  and  producing  suspensions  with 
large  flakes.  The  consistency  of  the  character  of  the  emulsions  in 
physiological  water  at  37°  led  P.  Boquet  to  suggest  replacing  the  terms 
■emooth*  and  "rough"  with  "homogeneous*  and  "agglntlnable". 

After  24  hours  in  bouillon  at  37°  the  S- variants,  stable,  cloud 
the  culture  medliai  uniformly,  whereas  the  R- variants  develop  into 
flakes  or  stalactites  (Pokrovskaia,  1930). 

At  20°,  in  soft  gelooe,  the  colonies  are  fatty  and  the  dif¬ 
ferential  characters  of  both  types  are  less  dear;  the  R- variant, 
however,  preserves  its  agglatlnability  In  physiological  water  at 
37°.  Vhen  they  are  cultivated  at  20",  both  variants  contain  mobile 
germs  (P.  Boquet,  1937)* 

Horphdwy  of  the  variants. 

Morphological  difference#  in  the  gems  In  both  phases  were  noted 
by  numerous  writers  (Kakehi;  Zlatogoroff  and  Kogilewskala;  Pokrovskaia; 
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I&tje,  etc#)* 

The  germs  in  phase  S  are  thinner  and  longer  (1.5  to  ^A),  evenly 
colored,  whereas  the  genns  in  phase  R  are  larger,  thicker,  more  intense¬ 
ly  and  at  times  more  unevenly  colored.  Only  Zlatogoroff  and  Mogilevs- 
kaia  describe  the  geras  in  phase  S  as  shorter  and  the  genns  in  phase 
R  as  longer  and  thicker. 

According  to  Xakehi,  the  formation  of  chains  of  ten  to  15  ele¬ 
ments  was  characteristic  of  the  rough  forms. 

Blochanical  behavior  of  the  S-and  R- variants. 

Although  for  most  of  the  writers  (Pokrovskaia,  1930;  Thai, 

195^.  etc#)  there  is  no  difference  in  the  biochemical  behavior  of 
the  S-  and  R- variants,  others  report  differences  that  at  times  are 
qualitative  but  most  frequently  quantitative. 

Thus,  according  to  Kakehi,  the  B- variants  (phase  R)  attack 
adonitol  mare  slowly  than  the  A- variants  (phase  S). 

Miller  and  Qladki  (1927 )  described  a  strain  whose  S- variant  no 
longer  attacked  glucose. 

Zlatogoroff  and  Mogilewskaia  (1927-1928) ,  while  examining  the 
behavior  of  the  two  variants,  R  and  S,  in  the  presence  of  glucose, 
levulose,  galactose,  mannitol  and  ulcitol  noted  that  the  attack  by 
smooth  strains  was  always  slower.  The  difference,  still  appreciable 
at  the  36th  hour,  disappeared  after  three  days.  Zlatogoroff  reports 
a  strain  whose  R- variant  alone  attacked  dulcitol. 

In  the  glucose  culture  medium,  recommended  by  Otten  for  dif¬ 
ferentiating  Tersln's  bacilli  and  Kalassez  and  Vignal'  bacilli,  the 
smooth  variants  of  the  latter  produce  less  acidity  them  the  R- variants. 
The  same  is  true  In  Himelfarb's  maltose  culture  medium. 

According  to  the  comparative  study  of  the  fermentation  speed 
of  glucose,  levulose,  galactose  and  maltose  made  by  P.  Boquet  (1937), 
the  smooth  strains  are,  in  the  majority  of  the  cases,  more  active  in 
the  presence  of  these  substances  than  the  rough  strains  and  acidifica¬ 
tion  is  already  clearly  marked  even  in  the  first  hours  in  glucose  and 
levulose  mediums#  On  the  other  hand,  peptone  water  with  the  addition 
of  glycerin  is  acidified  more  rapidly  by  the  rough  variant  than  by  the 
S- variant# 

Baraird  (1935).  *h«n  ho  was  filtering  the  two  A  and  B  variants 
of  a  strain  of  Malassea  and  Vignal' s  bacillus  an  a  bougie,  noted  that 
the  A- variant  (in  all  likelihood  maooth)  was  easier  to  filter  than 
the  B~ variant* 

H.O.S,  Morin  (19*0).  "bo  applied  Robin's  reaction  (an  emulsion 
of  young  cultures  of  gram-negative  bacilli  in  a  concentrated  solution 
of  sodium  or  magnesium  sulfate  produces  a  definite  agglutination  only 
in  the  case  of  gems  In  phase  3)  to  different  Pasteurelleae.  noted 
that  only  the  smooth  colonies  of  Malassea  and  vignal' s  bacillus  showed 
this  agglatjnahllity#  The  reaction  remained  negative  with  Tersln's 
bacillus  and  P#  nultodda. 

The  anooth  colonies  are  agglutinated  better  by  serums  prepared 
with  homologous  or  heterologous  smooth  strains  than  they  are  by 
senxa  prepared  with  their  own  strain  of  a  noiv-dissociated  origin  or 
with  the  R-vsrlant#  Soa-dissoclated  cultures  are  agglutinated  in  the 
same  way  by  a  homologous  serus  or  by  a  sera  prepared  with  one  of  their 
S- variants#  (Zlatogoroff  and  Mogilewskaia,  1928).  The  R-oolonies  are 
characterised  by  the  absence  or  little  development  of  the  0  antigen 
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(Thai,  1954). 

When  it  arista,  the  hemolytic  power  of  the  R-  and  S- variants  is 
identical  (Devignat,  1954). 


As  early  aa  1930  Pokrovskaia  noted  the  extreme  virulence  of 
gems  in  phase  S  for  white  mice  and  guinea-pigs,  whereas  gems  in  phase 
R,  In  the  same  dosages,  are  not  always  mortiuL  or  are  so  only  always 
after  a  longer  period  of  time.  The  experimental  disease  assumes  an 
acute  form  after  inoculation  of  the  S-fom  and  a  chronic  one  with  the 
R-fom.  Autopsy  reveals  an  efflorescence  of  necrotic  foci  in  the  first 
case,  while  the  nodules  are  rare  or  absent  in  the  second.  Only  Fertig 
(1962)  obtained  an  inverse  result:  the  R- variant  killed  the  guinea- 
pig  more  rapidly  than  the  S- variant. 

Pokrovskaia’s  results  were  confirmed  by  Zlatogoroff  and  Mogi- 
lewskala  and  then  by  LStje.  According  to  the  latter,  in  the  natural 
disease  of  the  animals  the  S-fom  is  the  one  that  is  isolated  in  acute 
oases  and  the  R-fora  in  the  course  of  chronic  infections. 


Simple  aging  of  the  cultures  constitutes,  as  P.  Boquet  (1937) 
noted,  an  important  dissociation  factor  of  the  gem.  According  to  Thai 
(1954),  seme  old  strains  no  longer  develop  except  under  the  R-fora. 

The  composition  of  the  culture  medivm  nay  also  favor  dissocia¬ 
tion^  Thus,  according  to  Zlatogoroff  and  Mogilewakaia,  the  quality 
of  the  peptone  probably  determines  one  or  the  other  type.  Witte's 
peptone  favors  the  appearance  of  type  R,  whereas  Merck’s  causes  the 
appearance  of  smooth  colonies. 

Kakehi,  when  comparing  the  rapidity  of  appearance  and  the  pro¬ 
portion  of  variants,  appearing  in  various  culture  mediums,  bouillon, 
litmus  milk  and  sugar  mediums,  oonoluded  that  gluoose,  and  then  manni¬ 
tol.  are  the  beat  mtrient  factors  for  dissociation. 

According  to  P.  Boquet,  the  addition  of  0.5  to  2  parts  in  1,000 
of  glucose  in  non-glycerin  Sau ton’s  liquid,  In  which  cultures  of  Mo¬ 
lasses  and  Tignal’a  bacillus  are  ordinarily  poor,  favors  the  develop¬ 
ment  and  the  differentiation  of  the  R-  and  3- types. 

Aoocrdlng  to  Knapp  (1959)*  the  appearance  of  the  R- variant 
is  especially  rapid  at  37°  on  Leif  son’s  medium  (desosycholate  citrate 
agar).  It  is  also  favored  by  using  brio's  sulfite  gelose. 

According  to  DoJardLo-Besaaets  (1934),  dissociation  is  probably 
not  present  in  strains  isolated  in  hares,  guinea-pigs  and  canaries. 
Personally,  we  have  never  differentiated  between  the  animal  origin 
of  the  strains. 

The  tendency  toward  dissociation  varies  appreciably  from  one 
strain  to  another.  Some  of  than  dissociate  easily  and  produce  stable 
variants.  Whereas  others,  more  recently  isolated,  yield  unstable 
variants,  according  to  P.  Boquet. 

The  proportion  of  colonies  of  either  type  varies  according  to 
the  strains  (Zlatogoroff  and  Mogllswskaia)  *  according  to  the  age. 

The  umber  of  R-coloniea  obtained  by  P.  Boqua.  was  larger  when  it  was 
a  question  of  strains  that  had  bean  isolated  for  a  long  tine. 

The  delay  in  the  appearance  of  dissociation  in  bouillon  varies 
from  seven  to  flf^  days,  according  to  the  strains.  It  la  probably 


more  rapid  in  vivo.  The  S  R  transition  may  be  obtained  at  the  eighth 
generation.  The  R^S  transition,  difficult  to  obtain  on  gelose,  is 
more  easily  produced  in  bouillon  and  especially  in  vivo  (Pokrovskaia, 
1930). 

Stability  of  the  variants. 

Although  the  R- variant  is  observed  to  be  stable  in  vitro,  the 
stability  of  the  S- variants  obtained  is  a  function  of  the  strains,  of 
the  culture  medium  and  of  age  (P.  Boquet).  Thus  this  writer  demonstra¬ 
ted  that,  although  the  variants  obtained  with  sows  strains  are  unstable, 
others,  that  appeared  to  be  stable  on  gelose,  showed  fluctuations 
according  to  the  culture  medium  utilized:  ■In  Martin's  glucose  bouil¬ 
lon,  2  parts  to  1,000,  or  with  the  addition  of  l/lO  of  normal  horse 
serum,  the  S- variant  produces  small  flakes,  while  the  R- variant 
causes  a  uniform  cloudiness  in  Martin's  bouillon  with  the  addition 
of  l/5  of  its  volume  of  Legroux's  artificial  ascites.  On  glucose  gelose, 
20  parts  in  1,000,  the  S- variant  provides  uneven,  flat,  opaque  colonies, 
very  closely  resembling  the  rough  type  colonies.  All  the  particular 
aspects  observed  on  special  culture  mediums  are  transitory  and  dis¬ 
appear  to  make  way  for  the  rough  and  smooth  characters  in  all  their 
distinctness  when  a  culture  is  transplanted  on  the  usual  mediums  (bouil¬ 
lon  and  gelose).  Ey  straining  Martin's  bouillon  every  twenty-four 
hours,  the  S- variants  of  same  strains  are  kept  in  a  pure  state.  But 
after  they  are  several  days  old,  a  dissociation  of  R-elements  is  pro¬ 
duced.  These  elements  may  be  isolated  easily  by  means  of  a  sub-cul¬ 
ture  on  gelose.  Under  the  same  conditions,  the  R- variant  of  the  same 
strains  remains  stable.  ■ 

In  vivo,  the  strains  inoculated  in  the  animal  do  not  undergo 
any  modifications  and  are  found  again  in  the  phase  in  which  they  were 
inoculated,  according  to  P.  Boquet,  who  was  able  to  re-isolate  same 
S-colgnies  by  using  organs  from  a  guinea-pig  put  to  death  on  the  third 
day  after  intr a- peritoneal  inoculation  of  2  ml  of  a  24-hour  old  culture 
in  phase  S  and  of  colonies  in  phase  R  in  another  animal  inoculated  under 
the  s.aje  conditions  with  the  R- variant  of  the  same  strain. 

These  results  contradict  Hiller  and  Gladky's  (1927),  according 
to  whom,  in  the  course  of  its  passage  through  the  animal,  a  return  to 
the  initial  phase  is  observed  in  every  organ,  except  In  the  spleen, 
and  Zlatogoroff  and  Mogilewskaia'a  who,  after  the  death  of  the  animals, 
re-isolited  either  the  htaologous  phase  of  the  one  inoculated,  or  the 
other  one,  or  the  phase  of  Intermediate  aspects.  Ve  also  nade  the 
same  observations. 

These  divergent  results  may  be  due  to  the  fact  that  the  re- 
isolation  of  the  strains  was  made  by  P.  Boquet  in  animals  put  to  death 
three  days  after  inoculation  and  by  Zlatogoroff  and  M agile vs kaia  after 
c  ampin  to  evolution  of  the  experimental  disease  and  spontaneous  death. 

Pokrovskaia's  (1930)  experiments  justify  this  point  of  view. 

The  inoculation  of  heavy  doses  of  strains  in  phase  3  in  mice  causes 
death  without  the  appearance  of  R-foras,  whereas  the  injection  of  weak 
doees  produces  a  slow  death  and  permits  the  isolation  of  S- forms  as 
well  as  of  R-foras  and  of  intermediate  type  colonies.  Inversely,  the 
Injection  of  heavy  doses  In  phase  R  may  cause  death  without  the  appear¬ 
ance  of  &*faras  and,  if  weak  doses  of  phase  R  are  Inoculated  and  if 
death  occurs,  the  transition  of  the  R-form  to  the  S-form  is  observed. 
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m  —  METABOLIC  CHARACTERS 


1.  General  metabolic  properties. 

a*  Study  oT  the  oxidating  enzymatic  systems. 

CatalaseZ 

Evexy  writer  conducted  research  on  this  subject  obtained  a  po¬ 
sitive  reaction  with  Malassez  and  Vlgnal's  bacillus  as  veil  as  with 
Tersin*s  bacillus  (Kuraachi,  1931?  Brigham  and  Rettger,  1935;  Savino 
and  Anchezar,  1939 I  Macchiavello,  19*1?  Cecarelli,  1950;  Mathey  and 
Siddle,  195*1  Devignat,  195*?  Topley  and  Wilson,  1955;  Ochi  and  col¬ 
leagues,  1956;  Bergey,  1957,  etc.). 

We  made  the  same  observation  on  all  our  strains  of  Malassez 
and  Vlgnal’s  bacillus  and  of  Tersin's  bacillus. 

The  reaction  was  also  positive  with  every  strain  of  P,  septica 
that  ve  examined,  in  conformity  with  the  conclusions  of  most  writers 
(Topley  and  Wilson,  etc.)  and  contrary  to  the  opinion  of  some  (Kurauchi, 
1931).‘ 

OgUgse. 

Brigham  and  Rettger  (1935)  were  the  first  to  verify  the  absence 
of  peraddase  in  Malassez  and  Vlgnal’s  bacillus,  in  Tersin's  bacillus 
[See  Rote]  and  In  P.  septica.  results  confirmed  by  Steel  (1961)  with 
regard  to  the  first  two"  germs.  The  results  were  variable  with  P.  septica. 

(Dtotat]  Only  Gordon  and  McLeod  (1928)  found  a  slightly  positive 
reaction  with  a  single  plague  strain.) 

Henrlksen  and  Jyssxan  (1961)  inferred  the  absence  of  oxidase 
in  Malassez  and  Vlgnal's  bacillus,  as  contrasted  with  P.  septica. 
henolrtloa.  P.  naetwotronica.  and  P.  tularensis. 

By  using  Ko vacs'  technique,  by  spreading  streaks  of  the  culture 
on  filter  paper  and  adding  a  drop  of  aqueous  solution  of  dime  thy L- 
paraphetylenediamlne  hydrochloride,  1  part  in  100,  we  very  consistently 
verified  the  absence  of  oxidase  in  Malassez  and  Vlgnal's  bacillus  and 
Tersin’s  bacillus  and  its  presence  in  nineteen  strains  of  P,  septica. 

Kami  nation  for  a  cytochrome  oxidase  (Badi  reaction)  was  negative 
with  all  our  strains  of  Malassez  and  Vlgnal's  bacillus  and  positive 
with  our  strains  of  P.  septica. 

t>«  Aotloi  of  eremitic  Inhibitors. 

Herbert  (19*9)  semes  to  have  been  the  first  to  dady  the  action 
of  potassium  cyanide  on  the  growth  of  Tersin's  bacillus*  Braun's 
test  was  first  used  on  Malassez  and  Vlgnal's  bacillus  by  Knapp  (1959) 
mho  found  it  positive  (absence  of  culture).  Llndemann.  Wintsch  end 
Hedinger  (I960)  mads  the  seas  observation  on  two  human  strains. 

We  confirmed  these  results  (1961),  with  327  strains,  none  of 
which,  and  none  of  Tersin's  bacillus,  grew  in  a  culture  median  cont¬ 
aining  15  ml  per  1,000  of  a  0*5  parts  in  100  solution  of  potassium 
cyanide.  On  the  other  hand,  out  of  15  strains  of  P«  septica.  8  pro- 
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duced  a  culture  between  the  36th  hour  and  the  48th  hour.  Steel  and 
Midgley  (1962)  confirmed  the  variability  in  the  behavior  of  this 
last-mentioned  species  in  a  cyanide  medium. 

c#  Dehydrogenase. 

Brigham  and  Rettger  (1935)  observed  that  in  the  presence  of 
sodium  succinate  methylene  blue  was  decolored  by  Malassez  and  Vig- 
nal*s  bacillus,  Yersin’s  bacillus  and  P.  septlca;  the  time  for  the 
reaction  varied  with  the  species.  Thus  Malassez  and  Vignal’s  bacil¬ 
lus  produced  a  c tuple te  decoloration  in  ten  minutes,  whereas  Yersin’s 
bacillus  and  P.  septica  required  incubation  at  37 c  to  start  the  re¬ 
action  and  a  period  of thirty  minutes  to  complete  it. 

d-  Modifications  of  the  oxidation-reduction  potential  during 
the  course  of  the  culture. 

Brigham  and  Rettger  (1935)  demonstrated  the  presence  of  a  re¬ 
ductase  in  Malassez  and  Vignal’s  bacillus  and  numerous  writers  stu¬ 
died  the  reduction  power  of  this  germ  in  the  presence  of  various 
dyes  in  the  hope  of  demonstrating  a  difference  in  behavior  that  could 
be  used  to  distinguish  it  from  Train's  bacillus. 

Megnin  and  Mosry  (1891)  were  the  first  to  point  out  the  decolo¬ 
ration  of  gelose  with  red  fuchsin. 

The  reduction  of  malachite  green,  demonstrated  by  Zlatogoroff 
(1904)  but  not  observed  by  Zwick  (1908) ,  was  used  by  Petrie  and  Ma- 
calister  (1910-1911)  who  suggested  bouillon  with  malachite  green  [See 
Note!  as  a  differential  culture  medium,  a  medium  used  by  Kakehi 
(1916),  Schttee  (192B),  Korobkova  (1929),  Cecarelli  (1950). 

( [Hotel ]  A  confusion  occurs  frequently  with  regard  to  bouil¬ 
lon  with  malachite  green.  Improperly  called  by  same  Loeffler’s  medium. 
The  real  noeffler’s  medium  with  malachite  green  Includes,  in  addition, 
lactose  and  glucose  (Travinski,  Zbl.  f.  Bakt..  1922,  88,  25)  and  has 
nothing  to  do  with  bouillon  to  only  malachite  green  has  been  added 
that  is  used  in  examining  for  the  reduction  of  this  last  body.) 

In  addition  to  malachite  green,  Cecarelli  verified  the  re¬ 
duction  power  of  Malassez  and  Vlgnal’s  bacillus  in  the  presence  of 
Janus  green,  thionine,  methylene  blue  and  neutral  red. 

Heutral  red  is  reduced,  according  to  Korobkova  (1929)  and 
Cecarelli  (1950) •  It  is  not  reduced,  according  to  Zwick  (1908), 
Baumann  (1927),  Beck  (1928),  Troche  and  Bauchs  (1929),  F.  Kaufmans 
(1933),  DoJardin-Beaw^U  (1934),  Baraini  (1935).  Haudurqy  (1953). 
Devlgnat  (1954),  Peroebois  (1961).  According  to  our  experience, 
Malassez  and  Vlgnal’s  bacillus  does  not  reduce  neutral  red.  We  ob¬ 
served  this  with  1?2  strains  seeded  both  in  a  gelosa  culture  median 
and  in  glucose  V.  F.  bouillon,  2  parts  in  1,000,  in  a  Ball  tube. 

Korobkova  (1929),  Ao  made  a  systematic  study  of  the  reduction 
power  of  Malassez  and  Vlgnal’s  bacillus  and  of  Tersin's  bacillus  in 
the  presence  of  various  dye*  in  Martin’s  bouillon  with  pfl  6.8  -  ?, 
with  a  laboratory  temperature  of  about  28°-30°,  noted  that  both 
germs  reduced,  but  the  first  one  much  more  rapidly  or  more  intensely, 
the  following  dyes  la  the  order  of  increasing  difficulties!  thionine, 
methylene  bine.  Jams  green,  indigo  disulfonate,  neutral  red,  mala- 
chite  green  and  litmus,  neither  ore  of  them  reduces  Congo  red  and 
safranine. 
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Ivanovski  and  Sassykina  (1930)  suggested  as  a  differentiation 
criterion  of  the  two  gems  Schardinger's  reactions  0.5  ml  of  Schar¬ 
dinger's  reagent  (5  ml  of  a  saturated  alcoholoc  solution  of  methylene 
blue  and  5  ml  of  formaldehyde  to  22  ml  of  water)  are  added  to  3  ml 
of  a  two-day  old  culture  suspension  in  physiologic  water  (3.5  1 
10°  germs  per  ml).  The  whole  is  put  under  liquid  petrolatum  in  an 
incubator  at  30°.  Malassez  and  Vignal's  bacillus  produces  a  total 
decoloration  in  less  than  one  hour,  whereas  Tersin* s  bacillus  only 
gives  a  slow,  partial  decoloration.  This  reaction  that  we  used  is, 
in  effect,  very  reliable. 

We  prefer,  nevertheless,  to  investigate  the  reduction  of  methy¬ 
lene  blue  on  cultures  in  a  liquid  culture  medium,  and,  rather  than 
in  plain  bouillon,  in  milk  with  the  addition  of  a  drop  of  an  aqueous 
solution  with  1/100  of  methylene  blue  per  10  ml  tube,  tinder  these 
conditions,  Malassez  and  Vignal's  bacillus  produces,  already  in  the 
first  24’  hours,  a  definite  reduction  whose  translation  is  different 
from  the  one  produced  by  Tersin* s  bacillus.  With  the  latter  reduction 
always  begins  in  the  lower  part  of  the  tubes  and  moves  up  more  or 
less  higher,  according  to  the  strains,  whereas  Malassez  and  Vignal's 
bacillus  produces  a  reduction  that  always  appears  half-way  up  the 
tubes  under  the  form  of  a  white  ring  (sometimes  two)  suspended  between 
the  surface  and  -the  depth  of  the  medium  whose  coloration  remains  un¬ 
changed. 

According  to  Savino  and  Anchezar  (1939)*  Costa  (194?),  Topley 
and  Wilson  (1955)*  Knapp  (1959).  Malassez  and  Vignal's  bacillus  and 
P.  septlca  reduce  methylene  blue  contrary  to  Tersin' s  bacillus.  Also 
according  to  G*  Girard  (1953)*  methylene  blue  is  reduced  by  Malassez 
and  Vignal's  bacillus  and  not  by  Tersin* s  bacillus.  In  fact,  when  it 
was  investigated  as  we  have  just  described,  reduction  was  constant 
with  every  strain  of  Malassez  and  Vignal's  bacillus  and  of  Tersin' s 
bacillus  that  we  examined. 

Litmus  is  not  reduced  either  by  Malassez  and  Vignal's  bacillus 
or  by  Tersin' 8  bacillus  (Devi gnat,  1954). 

e.  Reduction  of  nitrates. 

The  aptitude  of  Malassez  and  Vignal's  bacillus  for  reducing 
nitrates  into  nitrites  is  variously  evaluated  according  to  the  writers. 

For  Schfttse  (1928).  Ravaglia  (1932),  Kelser  (1938),  Hauduroy 
(1953).  Marracini  (1953)  (but  the  authenticity  of  the  strains  des¬ 
cribed  by  the  latter  is  more  than  doubtful)  it  is  probably  incapable 
of  this  redaction,  whereas  its  ability  to  reduce,  variable  for  Dungall 
(1931),  is  affirmed  by  Knoovalova  (1930),  Brigham  and  Rettger  (1935). 
IT'janava  (1961),  Darvignat  (1953).  Knapp  (1959-1960). 

Out  of  533  strains  of  Malassez  and  Vignal's  bacilli  seeded 
in  macerated  meat  and  peptic  hydrolysate  of  pork  belly  bouillon  with 
the  addition  of  1  part  in  100  of  nitrate,  we  observed  reduction  in 
three  days  at  37°  in  530  of  them.  One  strain  (468-1)  that  did  not 
reduce  at  37°,  reduced,  however,  at  28°  and  at  18°.  Only  two  strains 
(157-1  and  266-1)  did  not  produce  any  reduction,  since  the  reaction 
was  controlled  by  toe  addition  of  zinc  powder. 

The  reduction  of  nitrates  does  not  make  possible  a  differ¬ 
entiation  from  Tersin* s  bacillus,  according  to  Brigham  and  Rettger 
(1935)  and  especially  according  to  Devignat  (1953)  who  specified  that 
both  toe  ancient  and  toe  oriental  varieties  of  this  gem  were  equally 
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capable  of  producing  the  sane  reduction. 

This  reduction  of  nitrates  into  nitrites  by  Malassez  and  Vig- 
nal’s  bacillus,  and  by  sene  strains  of  Yersin’s  bacillus,  must  not 
be  confused  with  the  production  of  nitrous  acid  in  culture  mediums 
not  provided  with  nitrate  (see  below). 

f.  Tetrathlonate-reductase. 

Discovered  in  various  bacterial  species  by  Pollock  and  Knox 
(1943) •  this  enzyme  that  catalyzes  the  reduction  of  tetrathionate 
into  thiosulfate  was  investigated  systematically  by  Le  Minor, 

Pichinoty  and  Cpynault  (1962)  in  various  gram- negative  bacteria.  We 
refer  to  this  study  and  to  one  by  Pichinoty  and  Bigliardi-Rouvier 
(1962)  for  a  description  of  the  techniques  utilized. 

According  to  Le  Minor  and  colleagues ,  who  examined  69  of  our 
strains  of  Malassez  and  Vignal’s  bacillus,  23  of  Yersin’s  bacillus 
and  16  of  P.  septica.  tetrathionate-reductase  could  not  be  established 
except  in  this  last-mentioned  species  and  it  is  lacking  in  the  first 
two. 

g.  Coagulase  and  fibrinolysis. 

Jawetz  and  Meyer  (19^0  observed,  in  virulent  and  avirulent 
plague  strains,  a  coagulating  activity  in  the  presence  of  rabbit 
and  guinea-pig  plasmas.  We  did  not  make  the  same  observation  with 
Malassez  and  Signal's  bacillus,  any  more  than  ve  were  able  to  detect 
in  it  any  fibrinolytic  activity  in  the  presence  of  guinea-pig  fibrin, 
whereas  Madison  (1936)  confirmed  a  pronounced  fibrinolytic  power  in 
the  presence  of  rat  and  guinea-pig  fibrin  with  Yersin’s  bacillus. 
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2»  Action  on  carbohydrate  substances 
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the  action  of  Malassez  and  Vignal's  bacillus  on  the  various 
carbohydrate  substances  has  been  the  subject  of  a  large  number  of 
studies,  sene  of  then  devoted  exclusively  to  the  study  of  this  germ 
(Pfeiffer,  1389f  De  Bias!,  1908;  Lerehe,  192?;  Christensen,  192?; 

Poppe,  1928;  Haupt,  1928;  Schttze,  1928-1929;  H^rch  and  Krogh-Lund,  1931; 
F.  KauffSaann,  19331  Tumansky,  1948}  Van  Dorssen,  1951;  Thai,  1954; 
Marthedal  and  Veiling,  1954;  Wilson  and  Miles,  1955;  Goyon,  1956; 

Knapp,  1959#  etc,),  others  searching,  in  a  study  of  so-called  fer¬ 
mentation  reactions,  for  differentiation  criteria  from  Ter sin's  ba¬ 
cillus  (GalUUVhlerio,  1902-1903;  Zlatogoroff,  1904;  The  Plague 
Caamission  In  India,  1908;  Vourloud,  19 08;  MacConkey,  1908;  Svellen- 
grebel  and  Hoesen,  1915 1  Otten  1926;  Bishop,  1932;  Boncinelli  and 
Aradas,  19335  Uriarte  and  Villa* on,  1935l  Wu,  Chung  and  Pollitzer, 

1936i  Russon,  1939l  Savino  and  Anchezar,  19395  Prado,  1940;  Kurauchi 
and  Sagata,  1950;  Seal,  1951;  G,  Girard,  1953;  Devi gnat,  1954; 

Pollitzer,  1954;  K.  F,  Meyer,  1958.  etc.). 

From  a  survey  of  bibliography  on  the  subject,  and  from  our 
personal  experience  extending  to  617  strains,  it  is  obvious  that 
Halassez  and  Vignal's  bacillus  is  capable  of  producing  acidity  in 
a  constant  manner  by  using  the  following  bodies:  rhamnose,  arabinose, 
xylose,  glucose,  galactose,  levulose,  mannose,  dextrose,  maltose, 
trehalose,  meUbiose,  amidon,  mannitol,  glycerin,  esculin,  argutin, 
salicin  and  in  an  almost  constant  manner  with  dextrin  and  inulin. 

This  acidification  is  never  accompanied  by  the  production  of  gas 
(Delbanoo.  I896,  etc,),  although  Hauduroy  (1953)  mentions  its  pos¬ 
sibility  [see  Hote], 

( [Rote: ]  Gracia  Mira's  (1945)  study,  to  which  Hauduroy  refers, 
reports  some  very  questionable  strains,  at  the  very  least,  that  de¬ 
compose  glycerol,  maltose,  salicin  and  lactose  with  gas.  The  various 
gasogenic  strains  that  have  been  described,  such  as  the  ones  that 
Hloolle  and  Sparrow  (1928)  isolated  at  the  time  of  the  second  epizoo¬ 
tic  observed  by  them  in  guinea-pigs  in  the  Pasteur  Institute  in 
Tunis  and  that  acidified  dextrose,  mannitol  and  maltose  with  gas, 
cannot  be  considered  as  authentic  Halassez  and  Vignal's  bacilli 
either*) 

Lactose,  sucrose,  melezitose,  erythrol,  inositol,  duleltol 
are  never  acidified  by  Malassez  and  Vignal's  bacillus,  and  melitose, 
arabltol  and  amygdalln  are  acidified  only  very  exceptionally. 

With  sorbitol  and  adonitol  the  results  are  variable. 

On  the  whole,  these  characters  are  remarkably  stable,  and 
authentic  exceptions  are  relatively  rare.  Although  a  number  of 
strains  have  been  described  by  various  authors  as  having  atypical 
fermental  characters,  a  study  of  most  of  them  did  not  enable  us  tc 
find  the  indicated  discrepancies.  Knapp  (1959)  attributes  real  ex¬ 
ceptions  either  to  temporary  variations,  or  to  differences  in  the 
culture  mediums  utilized  or  the  incubation  temperatures.  We  lay  the 


or  on  the  indicator  used,  and  we  consider  real  exceptions  to  be  very 
rare. 

Acidification  of  carbohydrate  substances  by  Malassez  and  Vig- 
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nal'z  bacillus  is  usually  rapid  and  may  be  observed  cctuf^ncing  with 
the  first  24  to  48  hours  of  incubation. 

With  certain  strains,  and  above  all  with  certain  sugars  in  a 
peptone  culture  medium,  it  is  possible  to  observe  a  color  change 
phenomenon  due  to  secondary  alkalization  by  production  of  ammonia. 
Thus  Devignat  (1961)  demonstrated  that  in  peptone  water  with  phenol 
red  containing  2  parts  in  100  of  inulin  the  medium  turned  definitely 
yellow  in  48  hours,  then  bright  red  toward  the  third  or  fourth  day. 
Snyder  and  Vogel  (1943)  observed  the  same  phenomenon  when  salicin 
was  acidified  by  the  "Spokane"  strain. 

With  the  exception  of  glycerin,  whose  acidification  must  be 
sought  in  a  solid  medium,  we  studied  the  behavior  of  Malassez  and 
Vignal's  bacillus  with  the  same  results  in  Hiss's  medium  and  in  pep¬ 
tone  water,  2  parts  in  100,  using  phenol  red  as  an  indicator  and 
achieving  a  final  glucide  concentration  of  2  parts  in  100.  The 
choice  of  the  peptone  assumes  a  particular  importance  in  studying  the 
acidification  of  certain  carbohydrate  substances,  like,  for  example, 
salicin  and  dextrin.  The  choice  of  the  indicator  also  is  not  imma¬ 
terial,  as  Devignat  (1961)  ascertained  in  connection  with  the  acidi¬ 
fication  of  uzmlin. 

The  various  sugars  are  acidified  in  an  identical  manner  at 
18°,  200  and  37°*  Nevertheless,  some  exceptions  have  been  pointed 
out;  the  acidification  of  glycerol  is  probably  weaker  and  slower  at 
180-20°  than  at  37°,  according  to  P.  Boquet  (1936),  Beaudette 
(1940)  observed,  in  a  strain  Isolated  in  a  blackbird,  that  maltose 
was  acidified  more  slowly  at  18°  than  at  37°»  The  acidification  of 
esculin,  while  it  is  slow,,  is  more  evident  at  28°  than  at  37°  (Molla- 
ret,  1961), 

The  S~  and  R- variants  usually  show  no  differences  in  behavior 
in  the  presence  of  carbohydrate  substances.  Nevertheless,  according 
to  Zlatogoroff  and  Mogilewskaia  (1928),  the  R- variant  probably  fer¬ 
ments  glucose,  levulose,  galactose,  mannitol  and  dulcltoi  more 
rapidly  than  the  S-variant.  The  opposite  was  observed  by  Kakehi 
(1916)  with  respect  to  adonitol  and  especially  by  P.  Boquet  (1937) 
with  respect  to  glucose,  levulose,  galactose,  maltose.  Only  glycerin 
was  acidified  more  rapidly  by  the  R- variants. 

The  individual  reactions  of  strains  of  Malassez  and  Vignal's 
bacillus  are,  on  the  whole,  stable  and  characteristic  (Knapp,  1959), 
just  like  strains  of  Tersin's  bacillus  (Pollitzer,  1954).  All  the 
strains  preserved  in  a  collection  in  the  Pasteur  institute  by  Truche, 
Du jardin-Beaumetz ,  G.  Girard,  and  then  by  us,  sane  of  which  for  more 
than  thirty  years  now,  have  not  shown,  in  subsequent  examinations, 
any  difference  in  their  behavior  in  carbohydrate  culture  mediums  in 
comparison  with  the  original  studies. 

Differences  between  the  fermental  characters  of  a  strain  on 
isolation  and  after  subsequent  transplantlngs  have  been  observed 
only  veiy  exceptionally.  Gate  and  Billa  (1928)  report  a  strain 
that  fermented  only  levulose  at  the  time  of  its  isolation  but  whose 
subsequent  transplantings  fermented  maltose,  mannitol,  gluoose,  xylose 
and  glactose.  On  the  other  hand,  Mathay  and  Siddle  (1954)  isolated  a 
strain  in  a  turkey  that,  canmencing  with  the  Isolation, acidified  not 
only  arabinose,  glucose,  maltose,  mannitol,  levulose,  rhamnose,  tre¬ 
halose  and  xylose,  but  also  sucrose;  this  last-mentioned  character 
disappeared  after  several  transplantings.  In  sane  cases,  transplant¬ 
ing  in  the  animal  seemed  to  strengthen  the  glucosidolytic  power  to 
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seme  strains,  like  Beaudette's  (1940)  or  the  one  that  we  Isolated 
in  a  hare  (I96I)  and  that,  although  it  did  not  acidify  esculin  ini¬ 
tially,  gave  us,  after  being  transplanted  in  the  rabbit  and  after 
action  of  the  bacteriophage,  cultures  that  acidified  this  glueoside. 

Action  on  Pentoses, 

Rhaanosei  It  would  not  be  possible  to  consider  the  action 
of  Malassez  and  Vignal's  bacillus  on  rhamnose  without  comparing  it 
with  the  action  of  Tersin's  bacillus  in  view  of  both  the  dogmatic 
and  the  practical  importance  of  the  behavior  of  both  gems  with 
respect  to  this  body. 

Rapid  acidification  of  rhannose  culture  mediums  by  Malassez 
and  Vignal's  bacillus  is  a  rule  that  has  no  exception  (G.  Girard). 
Although,  according  to  Stephan  (1941)  and  Brunet  (1952),  Bitter  and 
Dolononova  mentioned  strains  that  do  not  ferment  rhannose,  all  the 
authors  are  unanimous  in  confirming  the  rapid  acidification  of  rham- 
nose  culture  mediums.  The  strains  described  by  Hflssig,  Karrer  and 
Pus ter la  (1949),  Terai  and  Klrchels  (1950),  Marracini  (1953),  as  not 
acidifying  rhamnose  show,  moreover,  too  many  abnormal  characters  to 
enable  us  to  retain  them  as  authentic  Malassez  and  Vignal's  bacilli. 
Ippen  and  Stoll  (1959)  described  a  strain  isolated  by  them  in  a  deer 
as  acidifying  rhamnose  weakly,  but  the  sub-culture  of  this  strain, 
transplanted  in  a  rabbit  that  those  authors  sent  us,  acidified 
rhamnose,  without  ary  possible  doubt,  in  24  hours. 

Some  strains  might  possibly  produce  a  secondary  alkalization 
after  an  initial  acidification,  like  the  "Spokane*  strain  of  Snyder 
and  Vogel  (1943).  The  sample  of  that  strain  that  we  examined  did  not 
produce  this  seiondery  alkalization  for  us,  a  faet  that  probably 
does  not  take  away  anything  from  the  value  of  the  first  acidification. 

Therefore,  the  fermentation  of  rhamnose  must  be  considered  as 
an  essential  character  of  Malassez  and  Vignal's  oacillus,  and  the 
rapidity  [See  Note]  of  this  fermentation  is  one  of  the  best  criteria 
for  differentiating  it  from  Tersin's  bacillus. 

([Note: ]  The  possibility  of  a  late  change  has  been  pointed 
out:  5  days  (Thai,  1954);  8  days  (Geurden  and  Willems,  1940). 

The  differences  in  behavior  of  the  two  germs  with  regard  to 
rhamnose  were  originally  pointed  out  by  Vourloud  (1908),  Swellengrebel 
and  Roesen  (1915)*  and  then  were  confixmed  by  D'Aunoy  (1923)  and 
Schfttze  (1928).  Bezsonova  (1929)  and  Bessonova  and  Loebow  (1930), 
who  compared  the  behavior  of  ten  strains  of  Malassez  and  Vignal's 
bacillus  and  160  strains  of  Tersin's  bacillus  in  a  rhamnose  liquid 
culture  medium,  confirmed  the  produotion  of  aeidity  in  24  hours  by 
the  first-mentioned,  whereas  not  one  strain  of  the  second-mentioned 
bacillus  caused  modifications  after  three  weeks  of  observation.  The 
culture  medium  reoomn ended  by  Bezsonova  (peptone  litmus  water  contain¬ 
ing  0.5  parts  in  100  of  peptone,  0.5  parts  in  100  of  sodium  chloride 
and  1  part  in  100  of  rhamnose)  met  with  great  favor  from  then  on 
and  a  test  for  fermentation  of  rhamnose  was  oonsidered  as  the  only 
sure  biochemical  criterion  for  distinguishing  between  the  two  germs 
(Boncinelli  and  Aradas,  1933;  Uriarte  and  Villazon,  1935,  etc.). 
Nevertheless,  Korobkova  (1936),  when  studying  32  strains  of  Tersin's 
bacillus  that  had  been  preserved  for  more  than  twelve  years,  ob¬ 
served  the  acidification  of  rhamnose  by  four  of  them  and  concluded 
that  Bezsonova's  culture  medium  could  no  longer  be  considered  as  a 
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sure  differential  medium.  Then  Berlin  and  Borsenkov  (lo°)  showed 
that  mutants  capable  of  acidifying  rhamnose  could  appear  in  cultures 
of  Yersin’s  bacillus  after  more  than  six  days  in  a  rhamnose  medium 
and  they  limited  the  period  of  observation  of  Bezsonova's  medium  to 
a  maximum  of  two  to  three  days,  in  order  for  it  to  retain  its  full 
value,  Tumansky  (1939)  confirmed  this  late  acidification  (five  to 
fourteen  days)  of  the  rhamnose  with  84  out  of  260  strains  of  Ter sin’s 
bacilli  and  associated  this  positive  rhamnose  character  of  certain 
plague  strains  with  their  age.  Krainova  (1939)  specified  that  only 
plague  strains  from  southeastern  Russia,  China  and  Mongolia,  that 
did  not  ferment  rhamnose  initially,  became  capable  of  doing  so  after 
successive  transplantings  in  a  rhamnose  medium,  and  acidification 
could  even  be  evident  in  the  first  24  hours,  as  in  the  cas  of 
Malassez  and  Vignal’s  bacillus.  There  was,  therefore,  a  relation¬ 
ship  between  the  geographic  distribution  of  the  plague  strains 
and  the  fermentation  reactions  of  rhamnose  analogous  to  those 
that  Kurauchi  had  observed  in  connection  with  the  fermentation  of 
glycerol,  Krainova  was  able  to  establish  a  relationship  between  the 
aptitude  for  acidifying  glycerol,  making  the  acidification  of  rham¬ 
nose  a  special  property  of  the  strains  that  ferment  glycerol,  and, 
for  this  reason,  connected  plague  strains  from  southeastern  Russia, 
Mongolia  and  China,  that  fermented  glycerol  and  were  capable  of  aci¬ 
difying  rhaanose  after  succesive  trans plantings  in  a  rhamnose  medium, 
with  Malassez  and  Vignal’s  bacillus,  in  contrast  with  strains  coming 
from  India  or  from  Madagascar  that  did  not  have,  right  at  their  ori¬ 
gin,  the  property  of  fermenting  glycerin. 

More  evidence  was  still  to  appear  that  was  of  a  nature  to 
disturb  the  value  of  Bezsonova's  medium.  Thus  Bezsonova  herself 
described  five  "wild"  strains  of  Yersin’s  bacillus  that  fermented 
rhamnose  not  after  transplanting  but  as  soon  as  they  had  been  isola¬ 
ted.  Devignat  (1954)  likewise  observed  a  delayed  acidification  and 
Brygoo  and  Courdurier  (1955),  while  studying  the  behavior  of  105 
strains  fran  Madagascar  with  respeot  to  rhamnose,  found  two  of  them 
that  were  capable  of  using  this  boty  at  the  very  beginning,  54  ca¬ 
pable  of  acidifying  at  least  once  in  the  course  of  various  tests  and 
they  obtained  some  mutants  that  acidified  rhamnose  frar  strains  that 
usually  produced  only  a  late  and  inconstant  acidification.  Similar 
mutants  had  been  obtained  by  action  of  the  bacteriophage  by  Korob¬ 
kova  (1937)  or  on  Rndo’s  culture  medium  with  rhamnose  by  Englesberg 
(1957). 

Although  this  group  of  characters  takes  away  from  the  non- 
fermentation  of  rhamnose  by  the  plague  bacillus  the  doctrinal  strict¬ 
ness  that  the  supporters  of  Bezsonova’s  medium  thought  that  they 
could  put  into  it,  peptone  water  with  rhamnose  is  still  of  seme  value 
in  differentiating  Malassez  and  Vignal's  bacillus  (0.  Girard)  provided 
that  the  technique  recommended  by  this  author  to  the  Committee  of 
Plague  Experts  in  1952  is  utilized!  "The  favorable  culture  medium  is 
inspired  by  the  formula  recommended  at  one  time  by  Bezsonova,  but 
there  is  an  advantage  in  raising  the  proportion  of  peptone  to  10 
parts  in  1,000  instead  of  5  parts  in  1,000  as  Bezsonova  recom¬ 


mended, 

"Formula i  Peptone  (any  type)  .......  1  g 

Had . 0.5  g 

Rhamnose  . . .  1  g 

distilled  water  100  ml 
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Adjust  the  pH  at  6.8*  Filter  on  an  L3  bougie  and  distribute  in  9/lO 
tubes  in  a  volume  of  2  to  3  ml.  Add  sterilely  one  drop  of  Andrade* s 
indicator  reagent  In  eaeh  tube  (acid  fuchslnt  aqueous  solution  0.5 
parts  In  lOOi  IOC  ml;  HaOH  Ht  16  ml*  Sterilize  fifteen  minutes  at 
U5°C*  Solution  very  slightly  rose-colored*  Keep  In  ampules  in  the 
refrigerator)*  Check  the  sterility  and  keep  the  tubes  covered  in 
the  refrigerator  in  order  to  prevent  evaporation. 

vAt  the  time  of  use,  seed  one  culture  flask  on  slanting  gelose. 
Put  In  the  incubator  at  26°  to  28°C.  In  case  of  fermentation,  the 
medium,  that  Is  very  slightly  rose-colored,  changes  to  bright  red* 
After  24  or  48  hours  the  result  is  obtained* 

"The  sensitivity  of  the  indicator  is  such  that  one  may  be 
hesitant  about  interpreting  the  result  with  certain  plague  strains. 

In  this  case  me  reocnmend  a  parallel  test  made  with  the  same  medium 
but  without  indicator*  After  3  days  of  incubation,  4  to  5  drops 
of  methyl  red  (Clark's  solution  with  0*1  g  to  100  in  alcohol  diluted 
to  1/4)*  The  medium  becomes  red  if  there  is  fermentation.  It  takes 
on  a  yellow  tldt  in  the  opposite  case. 

*Ry  way  of  control,  an  authentic  strain  of  P*  pseudotubercu- 
losis  may  be  seeded  under  the  above  conditions.  This  will  provide 
a  means  of  comparison  as  well  as  a  rhamnose-negative  strains  of  P. 
pestle.* 

Irloset  Its  acidification  in  24  hours  is  constant,  accord¬ 
ing  to  unanimous  opinion.  The  possibility  of  slowness  is  mentioned 
only  exceptionally!  3  days  (Swellengrebel  and  Hoeaen,  1915),  5  days 
(Thai,  1954),  or  still  later  (Beaudette,  1940).  The  results  were 
probably  variable  according  to  Hnatko  and  Rodin  (1962).  Issaly 
(1950-1953)  determined  that  the  acidification  was  identical,  whether 
it  was  a  question  of  levogyric  or  dextrogyric  xylose. 

Out  of  206  strains  examined  by  us,  all  of  them,  including 
Hnatko  and  Rodin's,  euldified  xylose  in  24  hours. 

Arabinose t  Arabinose,  used  by  a  very  great  number  of  est- 
perimentars,  showed  itself  to  be  acidified  by  almost  all  the 
strains*  Hevertheless,  Devignat  (1954)  pointed  out  the  possibility 
of  exceptions  and  strains  that  do  not  acidify  arabinose  are 
described  by  Urbain  and  Houvel  (1937) •  Karlason  (1945),  Van 
Dorasen  (1952),  Hnatko  and  Rodin  (1962).  The  possibility  of  late 
fermentation  is  mentioned  by  Moerch  and  Krogh-kmd  (1931)*  Moretti 
1938),  Beaudette  (1940),  Oeurden  and  Willems  (1940),  Thai  (1954). 

Out  of  206  strains  studied  by  us,  all  fermented  arabinose 
in  24  hours,  including  Hnatko  and  Rodin's. 

Russo  (1940),  while  examining  the  action  of  nine  strains, 
observed  that  dextrogyric  arabinose  was  never  acidified,  only 
levogyric  arabinose.  According  to  Issaly  (1950-53)*  on  the  other 
hand,  L-arablnose  and  H-arabinoee  are  acidified  Identically. 

tettm  J&JSSggS&t 

Glucose  i  Except  for  Hiller  and  Gladly  (19  27)  one  of  whose 
strains  produced  an  3- variant  that  did  not  ferment  gluooee,  all  the 
authors  have  unanimously  verified  its  acidification  by  Halassez 
and  VIgnal's  bacillus.  The  members  of  the  Plague  Camniesion  in  India 
(1906)  insisted  on  the  constancy  of  this  character,  as  did  Wu,  Chung 
and  Pollitser  (1936),  etc. 

There  is  probably  always  a  more  active  acidification  of  glucose. 
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as  well  as  of  levulose,  mannitol  and  maltose,  by  Malabo;  ana  Vig¬ 
nal’s  bacillus,  according  to  Swellengrebel  and  Hoesen  (1915).  Otten 
(1926)  based  a  differentiation  test  in  peptone  glucose  water,  0.5 
parts  in  100,  on  this  difference  in  activity  and  rapidity. 

Galactose:  The  acidification  of  this  substance  may  be  con¬ 
sidered  as  constant,  in  spite  of  the  very  rare  exceptions  pointed 
out  by  Lesbouyries  (193*0  Grancini  (1939) »  Karlsson  (1945)  and  Pol- 
litzer  (1954)*  Some  strains  may*  acidify  only  after  3  to  5  hours 
( Swellengrebel  and  Hoesen,  1915:  M^rch  and  Krogh-Lund,  1931;  Rosen- 
wald  and  Dickinson.  1944;  Karlsson,  1945). 

Out  of  200  strains  examined  by  us,  all  fermented  galactose 
in  24  hours* 

According  to  Kurauchi  and  Hagata  (1930),  Malassez  and  Vig- 
nal’s  bacillus  is  probably  restricted  less  in  its  development  by 
the  acidity  produced  in  a  liquid  medium  with  galactose  or  with  le¬ 
vulose  than  Yersin’s  bacillus* 

Levulose t  The  acidification  of  levulose  is  a  constant  cha¬ 
racter,  according  to  every  author  except  Dungall  (1931).  Of  205 
strains  that  we  examined  we  found  no  exceptions  to  this  rule. 

Swellengrebel  and  Hoesen  (1915)  insisted  on  the  constancy  and 
the  rapidity  of  this  acidification.  According  to  them,  this  last 
character  constitutes  a  good  argument  for  differentiation  from  Ter sin’s 
bacillus. 

Let  us  recall  that  one  of  Gate  and  Billa’s  (1928)  strains, 
already  mentioned,  did  not  acidify,  on  isolation,  any  other  sugar 
except  levulose. 


Only  Tumansky  (1958)  considers  the  acidification  of  sorbose  to  be 
constant. 

Dextrose t  All  the  writers  and  especially  Saisawa  (I909- 
1913)#  Lercne  (1927),  Schfttse  (1927),  Christensen  (1927),  Truche  and 
Bauche  (1929),  Bishop  (1932),  F.  Kauffinann  (1933),  Russo  (1939), 

Hobs  and  Battle  (1941)  are  unanimous  in  affirming  the  acidification 
of  dextrose  by  Halaasez  and  Vignal’s  bacillus. 

Mannose 1  The  aoidifio&tion  of  mannose  is  constant,  accord¬ 
ing  to  all  those  who  have  conducted  research  on  the  action  of  Ma¬ 
lassez  and  Vignal’s  bacillus  on  this  hexose  (MjJrch  and  Krogh-Lund, 
1931?  Bishop,  1932;  F.  Kauffiaann,  1933;  Russo,  1939;  Marthedal  and 
Veiling,  195*M  Devignat,  1954).  Karlsson  (1945)  alone  points  out  a 
strain  that  did  not  ferment  it. 

Fucosei  We  found  in  studies  written  on  this  subject  that 
two  authors  who  conducted  research  on  the  action  of  Malassez  and 
Vignal’s  bacillus  on  fuooee,  Russc  (1939)  with  nine  strains  and 
Macchiavello  (1941)  with  only  one,  observed  the  absence  of  acidi¬ 
fication. 
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Lactose?  The  absence  of  acidification  of  lactose,  initially 
observed  by  Pfeiffer  (1889)  and  Lucet  (I898),  was  confirmed  by  every 
subsequent  study. 

Russo  (1939).  Svelleng rebel  and  Hoesen  (1915)  and  Macchia- 
vello  (19^1)  alone  admit  the  possibility  of  an  acidification  of  lac¬ 
tose  by  Malassez  and  Vignal’s  bacillus.  Miller  and  Gladky  (1927) 
likewise  claimed  that  it  could  be  acidified,  if  not  in  bouillon,  at 
least  in  Barsiekovts  culture  medium,  but  Kurauchi  (1931).  using  the 
same  medium  (nutrose-lactose- litmus  bouillon) ,  observed  no  acidifi¬ 
cation  after  three  weeks  of  observation.  Knapp  (1959)  obtained 
acidification  of  leotose  only  late  (4  to  5  weeks)  and  by  four  strains 
only.  We  never  found  it  ourselves  in  617  strains  that  we  examined. 

On  the  other  hand,  with  Tersin's  bacillus,  according  to  Devig- 
nat  (1954)i  "lactose  often  displays  a  slight  but  definite  fermenta¬ 
tion  only  after  a  rather  long  contact  time,  on  the  order  of  one  to 
two  weeks  and  only  in  the  presence  of  phenol  red  as  an  indicator.  We 
never  saw  a  change  in  lactose  culture  medium  with  the  addition  of 
Andrade *s  indicator.  This  acidification  of  lactose,  pointed  out  by 
PoUitzer  and  that  Kurauchi  considers  as  constant  but  slow  (three 
weeks  )  and  weak  (pE  6.1),  may  be  accelerated  in  the  presence  of 
phenol  red,  by  seeding  non- proliferative  germs  in  a  container  with 
sugars.  We  observed  it  irregularly  in  strains  of  three  varieties, 
but  none  of  the  pseudotuberculosis  strains  made  lactose  ferment  under 
the  same  conditions.  Therefore,  in  practice,  it  is  necessary  to 
consider  lactose  as  irregularly,  weakly  and  slowly  hydrolyzable  by 
P.  nestis  and  as  nan-decomposable  by  Pasteurella  pseudotubsrculosis." 

galactosldase  (O.B.P.Q.  reaction). 

Le  Minor  and  Ben  Barnida  (1962)  after  having  demonstrated  a  /?  ga- 
lactosidase  in  different  Rhterobactf  laceae .  made  the  same  investigation 
by  way  of  comparison  in  other  speoies  and  demonstrated  its  presence 
in  four  strains  of  Malassez  and  Vlgnal*8  bacillus  at  the  same  time 
as  they  established  its  absence  in  two  strains  of  P,  septlca.  We 
Qonduoted  the  same  research  (1962)  with  Le  Minor  in  S»0  strains  of 
Malassez  and  Vignalts  bacillus,  72  strains  of  Tersin's  bacillus,  19 
strains  of  P.  tularensis.  24  strains  of  P.  septlca.  1  strain  of  P. 
hTHfl.TUr*  and  1  of  ?.  novidda.  All  the  strains  of  Malassez  and 
Vigna'a  bacillus  used,  regardless  of  their  serologic  type,  date  of 
isolation,  animal  or  geographic  origin,  gave  evidence  of  having  a 
galactosidase  that  produced  a  strongly  and  rapidly  positive  re¬ 
action.  The  same  is  true  of  Tersin's  bacillus  and  P,  hemolytic a. 

On  the  other  hand,  P.  tularensis  and  P.  novicida  gave  evidence  of 
lacking  this  enzyme,  as  did  all  of  our  strains  of  P»  septlca.  We 
thought  that  we  had  found  there  an  additional  argument,  if  one  was 
necessary,  for  differentiating  PT  septlca  from  Tersin's  and  Malassez 
sod  71gnalts  bacilli,  but  we  are  endebted  to  W.  Prederiksen  for  5 
authentic  strains  of  P.  septlca  that  acidified  lactose  in  24  hours  and 
therefore,  produced  a  fortiorlY  positive  O.H.P.O.  reaction.  This 
differential  character,  therefore,  does  not  have  the  value  that  we 
thought  that  we  could  attribute  to  it. 

Maltoeei  Since  the  initial  observations  of  V oarload 
(1906),  Sohastcy  (1910)  and  Swellengrebel  and  Hoesen  (1915), 
every  writer  has  confirmed  the  acidification  of  maltose  by 
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Malassez  and  Vignal's  bacillus  and  Yersin's  bacillus.  Studies  on  the 
subject  mention  only  two  strains  that  do  not  acidity  this  disacchar¬ 
ide,  Messerschmidt  and  Keller's  (19 -.4)  ^nd  Moss  and  Battle's  (1941) 

"New  Orleans"  strain.  In  fact,  this  last  mentioned  strain,  that  has 
been  preserved  1A  the  laboratory  since  1948,  gave  us  a  rapid  fermen¬ 
tation  of  maltose  when  we  studied  it  in  1961.  Beaudette  (1940) 
isolated,  in  a  blackbird,  a  strain  that  did  not  acidify  maltose  in 
48  hours  at  37°,  but  that  did  acidify  it  after  remaining  another 
24  hours  at  roan  temperature.  After  it  was  transplanted  in  a  mouse, 
the  saqe  strain  acidified  maltose  culture  mediums  in  24  hours  at 
37°. 

Every  one  of  the  207  strains  whose  behavior  we  examined,  pro¬ 
duced  acidification  in  24  to  48  hours  at  37°. 

The  rapidity  of  acidification  of  maltose,  greater  with 
Malassez  anH  Vignal's  bacillus  than  with  Yersin's  bacillus,  as 
Swellengrebel  and  Hoesen  (1915)  and  Schastny  (1910)  pointed  out,  was 
utilized  by  the  latter  who  suggested  litmus-maltose  gelose,  1  part 
in  100,  as  a  differential  culture  medium.  Himmelfarb  (1927)  used 
the  same  principle,  but  in  a  liquid  culture  medium:  peptone  water, 

0.5  parts  in  100,  containing  0.5  to  1  part  in  100  of  maltose,  in¬ 
cubated  at  280-30°  for  48  to  ? 2  hours  after  which  a  few  drops  of 
methyl  red  are  added*  The  differences  in  staining  are  unfortunately 
too  slight  to  make  a  sure  differentiation  possible  (Zlatogoroff; 
Boncinelli  and  Aradas,  1933)* 

Sucrose i  In  contrast  with  P.  septica,  Malassez  and  Vignal's 
bacillus  never  acidifies  sucrose,  according  to  almost  all  writers 
on  the  subject,  provided  that  specimens  carefully  checked  beforehand 
by  Fehling’s  reaction  (Devignat,  1954)  are  utilized.  Vourloud  (1908) 
Swellengrebel  and  Hoesen  (1915)  alone  consider  this  acidification 
to  be  habitual* 

Some  exceptions  are  admitted  by  Wu,  Chung  and  Pollitzer 
(1936),  Topley  and  Wilson  (1955).  Bergey  (1957).  Knapp  (1959-1960) 
and  Prevot  (1961)* 

Of  10  strains  isolated  in  a  hare  by  Gey  on  (1956),  one  aci¬ 
dified  sucroee* 

The  acidification  is  probably  irregular,  according  to  Orbaln 
and  Nouvel  (1937).  Beaudette  (1940),  Gaiger  and  Davies  (1955). 

Verge  and  colleagues  (1937)  isolated  in  a  cat  a  strain  that 
acidified  suarose  in  48  hours  and  then  alkalized  the  medium  toward 
the  tenth  day.  The  sane  was  true  for  Moss  and  Battle  (1941)  with 
the  "New  Orleans*  strain,  but,  in  our  hands,  this  last-mentioned  strain 
never  gave  us  similar  reactions. 

Lawrynowlcz  (1925)  isolated  in  the  urine  of  a  little  girl  a 
strain  that  acidified  sucrose  weakly.  Another  one,  isolated  by  Ha they 
and  Siddle  (1954)  in  a  turkey,  acidified  sucrose,  when  isolated,  but 
loot  tMs  property  after  several  transplanting#. 

llseig  and  colleagues  (1949)  described  two  strains  as  acidi¬ 
fying  sucrose  that  Knapp  and  we,  who  examined  them,  cannot  consider 
as  authentic  Malassez  and  VSjrvO  * s  bacilli. 

We  observed  no  acidification  of  sucrose  in  218  strains  exam¬ 
ined  and  we  consider  this  character  as  a  good  argument  for  dif¬ 
ferentiation  with  P*  septica. 
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Its  acidification  is  constant  for  all  writers  on  the  subject. 
Seal  (1951)  alone  points  out  two  strains  (P.R.  (I)  )  and  (P.  R.  (HI)  ) 
that  do  not  acidify  trehalose.  Wolff  (1956)  puts  the  fermentation 
of  trehalose  on  the  sane  level  as  the  investigation  of  mobility 
for  differentiating  Malassez  and  Vignal's  bacillus  and  Tersln's 
bacillus,  a  belief  that  cannot  be  retained.  Acidification  of  tre¬ 
halose  by  Tarsia* s  bacillus  was  variable  for  Pollitzer  (1954)  and 
constant  for  Devignat  (195*0* 

Melibiose  is  acidified  by  Kalassez  and  Vlgnal*s 
bacillus,  according  to  Russo  (1939).  Prado  (1940),  Macchiavello 
(1941),  Pollitzer  (1954),  Winkle  (1955)  and  Knapp  (1959-1960).  Knapp 
who  adtits  the  possibility  of  exceptions,  contrasts  this  acidification 
of  Melibiose  to  the  absence  of  acidification  by  P.  septlca  and  by 
Tersin*s  bacillus  (I960).  Russo  and  Prado  likewise  consider  that 
the  fomentation  of  melibiose  is  peculiar  to  Malassez  and  Vignal's 
bacillus  and  is  as  valuable  as  the  acidification  of  rhamnose  in  dif¬ 
ferentiating  it  from  Tersln's  bacillus.  Devlgnat  (1954)  confirmed 
the  rapid  acidification  (24  hours)  of  melibiose  by  three  strains  of 
Malassez  and  Vignal's  bacillus  "whereas  only  medieval  strains  of 
P.  pestle  acidified  it  toward  the  70th  day.  This  glucide,  there¬ 
fore,  eocud  appear  with  rhamnose  among  the  substances  that  make  a  rapid 
differentiation  possible,  except  where  the  medieval  variety  of  P. 
nestis  is  present. ■ 

ffli'lfFfr*  Sot  acidified,  according  to  Devignat  (1954) 

and  Christiana es  (1918) ,  oellobioae  is  probably  acidified,  according 
to  Russo  (1939).  but  with  exceptions.  Macchiavello  (1941)  described 
a  strain  that  acidified  oellobioae  slowly. 

m.ttHMtefldaat 

Melezitosei  Helezitose  is  never  acidified  either  by  Malassez 
and  Vignal's bacillus  (Christensen,  1927)i  M^rch  and  Krogh-Luud,  1931; 
P.  Kauftmann,  1933:  Russo,  1939;  Savino  and  Anchetar,  1939;  Beaudette, 
1940|  Maochiavello,  194l|  Tumansky,  1956;  Knapp,  1959),  or  by  Tersln's 
bacillus  (Devignat,  1954). 

Melitoeet 

Melltoee  is  not  usually  acidified,  although  the  possibility 
of  exceptions  is  admitted  by  Murrty-Pullar  (1932),  Oeurden  and  Wil¬ 
lems  (1940),  Seal  (1951).  Devignat  (1954),  Pollitzer  (1954),  Klimova 
(1956),  TtmianeKf  (1958).  According  to  Knapp  (i960),  its  behavior  is 
probably  variable. 

I9U9B  9Pt  iflacl&Jb. 

Awl font  Amidon  is  acidified,  according  to  H^rch  and  Krogh- 
(l^Ttosso  (1939)#  Savino  and  Anchetar  (1939),  Macchiavello 
(1941).  Devignat  (1954)  confirmed  this  acidification  to  which,  how¬ 
ever,  there  are  exceptions,  such  as  Beaudette1 s  (19*0)  strain,  Oeurden 
end  Villmu's  (1940)  strains,  a  strain  isolated  in  a  cat  by  Verge 
and  colleagues  (1937),  the  strain  isolated  in  a  toucan  by  Urbeln  and 
louvel  (1937)* 

According  to  Kauffiaann  (1933)  and  Kodrnja  (1933)  the  action 


probably  varies  with  the  strains. 

In  150  strains  of  Malassez  and  Vignal's  bacillus  that  we  exam¬ 
ined,  acidification  of  amidon  was  always  obtained  in  24  hours. 

•Inulin:  Almost  every  author  (Galli- Valerio,  1902-1903;  Kaicehi, 
1916 j  Roemisch,  1921;  Christensen,  1927;  Schfitze,  1928;  M^rch  and 
Krogh-Lund,  1931*  F.  Kauffmanr,  1933.  Uriarte  and  Villazon,  1933; 

Verge  and  colleagues,  1937;  Savino  and  Anc  .ezar,  1939?  Seal,  1951; 
Klimova,  1956  consider  inulin  as  consistently  not  acidified  by  Mulassez 
and  Vignal's  bacillus. 

Sane  exceptions  are  admitted  by  certain  writers  (Pcllitzer, 

195^;  Winkle,  1955)*  According  to  Tumansky  (1958),  the  results  are 
variable,  but  generally  there  is  no  acidification. 

Nevertheless,  Swellengrebel  and  Hoesen  (1915),  ftus3c  (1939) 
described  strains  that  acidify  inulin  and  Mendonca  Machado  and  Trans- 
montano  Pelouro  (1943)  found  fiwe  such  strains  out  of  ten  strains 
studied  by  them.  Knapp,  after  having  considered,  in  an  earlier  study 
(1959),  the  acidification  of  inulin  to  be  exceptional,  gives  it  as 
almost  constant  in  a  later  publication  (I960). 

According  to  Devig  at  (1954)  (1961),  divergencies  ir_  these 
results  are  due  to  the  choice  of  the  indicators  "the  five  strains  of 
Pasteurella  pseudotuberculosis  that  I  studied  gave  a  weak  acidifica¬ 
tion  that  is  revealed  only  with  indicators  as  sensitive  as  phenol 
red  or  braaothymo!  blue.  Writers  who  state  that  there  is  no  fermen¬ 
tation  of  inulin  worked,  in  my  opinion,  with  indicators  like  litmus 
or  Andrade's  indicator  with  acid  fuchain  that  are  not  very  sensitive. 
With  pheuol  red,  that  turns  yellow  at  pH  *  6.9,  and  branothymcl  blue, 
that  turns  yelio  at  pfl  +  6,  acidification"*is  constantly  detectable, 
at  least  for  the  five  strains  of  Pasteurella  P3eudotubercuIosis  on 
which  we  experimented." 

Glycogen?  Its  acidification  was  obtained  by  M^rch  and  Krogh- 
Lund  (1931)  with  about  thirty  strains,  and  Tumansky  (1938)  considers 
it  as  constant. 

Russo  (1939),  Macchiavello  (1941),  Pollitzer  (1954),  Wi  Jtle 
(1*55)  believe  that  Malassez  and  Vignal's  bacillus  does  not  aciaify 
glycogen,  with  very  rare  exception a.  The  results  are  probably  va¬ 
riable,  according  to  F.  Kauffsumn  (1933)  • 

For  Prado  (1940)  constant  acidification  by  Tersin's  bacillus 
and  non-acidification  by  Malassez  and  Vignal's  bacillus  are  the  rule. 

In  fact,  irregularities  in  the  behavior  of  Malassea  and  Vigor's 
bacillus  and  Tersin's  bacillus  (Matumoto,  l‘,:49)  do  not  srwhle  us  tc 
confirm  this  role. 

Dextrin?  Opinions  differ  or.  the  action  of  M  »1  ,ssei  i..d  Vig¬ 
nal's  bacillus  on  this  body*  there  is  probaoly  no  ferment-, tie-;,  a;- 
cording  to  Sai sava  (1913),  Patwianr.  (1/2?),  F.  Kauffmanr.  I 1933). 
Lesbouyries  (1934),  Rarsini  (1935),  Uriarte  and  Villa7.cn  (1935), 

Verge  and  ^oiloagues  (193?),  Russo  (1939),  Geurden  and  Willems  (..940), 
Rosenwala  .in: i  Dickinson  (1944),  K^rlssor  (1^5),  Martl.edal  tna  Welling 
(1954),  Van  Dorssen  (1955),  Topley  and  Wil;on  i-?55). 

There  is  probably  a  slow,  weak  acidification,  av.oroing  tc 
M^rch  and  Krogh-Lund  (1931),  Beaudette  (1?*’0),  Macciavelio  (1941), 
Devigrvat  (1954).  Acidification  Is  probably  constant,  according 
to  MacConkey  (1908),  Swellengrebel  and  Hessen  (1915),  Lerche 
(1927),  Christensen  (1927),  Kurauchi  (1931),  Savino  and  Anchrcar  (1939). 
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BcncinelH  (193?) »  who  considered  this  fermentation  as  constant, 
suggested  a  synthetic  dextrin  culture  medium  at  pE  6  and  including, 
as  indicator,  brcmothymol  blue.  Only  Harasses  and  Vignal^s  bacillus 
probably  produces  a  change  to  blue-green, 

Knapp,  after  he  had  originally  (1955)  given  acidifcaiion  aa 
the  rule  with  the  possibility  of  exceptions,  changed  his  mind  on  this 
point  (i960)  and  considers  the  action  to  be  variable,  sharing  thus 
in  the  opinion  of  Seal  (1951),  Pollitser  (195*0  and  K,  F,  Meyer  (1958). 

We  believe  the  acidification  of  dextrin  to  be  constant,  pro¬ 
vided  that  a  peptone  suitable  for  this  test  is  used,  170  strains 
did  not  acidify  in  ten  days  In  the  presence  of  PTV  peptone,  vhereas 
they  did  so  in  24  hours  in  the  presence  of  IBF  peptone. 

Action  ou  polyalcohols. 

Glycerol t  Dujardin-3eaumet2  and  Siaard  (1925),  when  they  were 
making  a  comparatively  study  of  their  plague  strains  with  a  strain 
of  Malassez  and  Vignal*s  bacillus,  noted,  contrsrily  to  Vourloud, 
that  this  strain  acidified  glycerin  culture  aadiums.  Colas-Belcour 
(1926)  verified  the  reality  of  this  fermentation  and  proposed  glycsrin- 
lilaus  gelose  as  a  differential  culture  medium.  Bessonova  and  Kno- 
valova  (1927)  confirmed  Colas-Belcoor's  results  in  so  far  as  action  of 
Malasssz  and  Signal* s  bacillus  on  glycerol  is  concerned,  but  took 
away  quite  a  bit  of  the  diagnr^tic  importance  of  this  action  by  de¬ 
monstrating  the  existence  of  a  glycerol-positive  variety  of  Tersin's 
bacillus.  G.  Girard  (1928)  confirmed  Colas»Beleour*s  observations 
on  the  behavior  of  Malassec  and  Vignal*s  bacillus,  but  Kurauchi 
(1930) »  then  Kowasima  (1934)  and  M&tumoto  (194?)  demonstrated  in  turn 
the  existence  of  two  varieties  of  ?ersin*s  bacilli  of  which  Kurauchi 
was  the  first  to  point  out  the  geographic  distribution. 

Although  the  fermentation  of  glycerol  is  no  longer  a  formal 
proof  of  differentiation  from  the  plague  bacillus,  it  still  is  a  con¬ 
stant  character  of  Malasser.  and  Vignal's  bacilli  [See  Note  1]. 

Of  61?  strains  that  we  examined  we  never  found  any  that  did  not 
comply  with  this  rule.  In  a  bibliography  that  is  especially  rich  on 
this  point,  Castellan!  (1933-1939)  And  Tumansky  (1953)  are  the  only 
ones  who  point  out  the  possibility  of  exoeptions  [See  Note  2], 
Sastellanl,  who  adtaits  the  possibility  of  non-fermentation  of  gly¬ 
cerol  by  certain  strains,  similar  to  rhamnoae  frv  certain  other 
strains,  suggested  a  differential  culture  medium  including  these  two 
bodies. 

([Note  li]  With  an  important  reservation,  in  view  of  Brunet* s 
(1952)  production  of  strains  that  lost  all  sffeot  on  glyoerol  after 
aotion  of  the  bacteriophage ) 

( [Note  2t ]  Harr acini  (1953)  desoribed  a  strain  that  does 
not  acidify  glyoerol,  but  whose  other  eharaoters  (non-fermentation 
of  rhamnose,  non-reduction  of  nitrates)  make  one  at  least  suspect  the 
authenticity.) 

The  possibility  of  slowness  in  aeidifieation  of  glycerin 
culture  mediums  has  been  pointed  out:  three  days  (Swellengrebel 
and  Hoesen,  1915 I  Ha they  and  Siddle,  1954),  five  days  (Pieehaud, 

1952),  eight  days  (Geurden  and  Willems,  1940;  Lesbouyries,  1941). 

The  choice  of  the  culture  medium  assumes  a  great  Importance 
in  the  study  of  the  aotion  on  glyeorol*  A  number  of  authors  have 
noted  the  absence  of  aeidifioation  by  Malasses  and  Vignal**  bacillus 


in  Stern* s  medium  (F.  Kauf£te.mni  1933;  Savino  ar-d  AnrWnr,  1939} 
or  its  slowness  (LestHsjyrisg,  1941),  Therefore,  the  technique  recom¬ 
mended  by  Girard  to  the  World  Health  Crg ardzation  (1953)  will  be 
usedj  "Tdstribute  in  16  to  18  mm  teat  tubes  6  ml  of  peptone  geloso 
(20  parte  in  1,000  of  a  peptone  such  as  baetopeptone,  tryptcae,  casein, 
Cclaf)  salted  5  parts  in  1,000  and  filtered,  and  adu  six  drops  of 
neutral  glycerol  per  tubs.  Adjust  the  ptl  at  6.8,  sterilize  at  1X5  °C 
for  20  minute  Sc  Let  it  cool  to  50°  C  and  add  two  drops  of  Andrade^ 
reagent  in  each  tube.  Shake  slowly  and  let  the  gelose  assume  a 
slanted  position. 

wSeed  rather  generously  on  the  basis  of  a  culture  cf  slant 
gelose  and.  incubate  at  230>32°.  Already  after  24  hours,  often  after 
48  hours  and  always  after  5  days,  the  result  is  obtained.  The  more 
or  1«3S  intense  red  tint  of  the  culture  medium  indicates  that  there 
has  been  acid  fermentation  of  the  glycerol.0 

One  of  the  two  complex  differential  mediums  suggested  by 
Devignat  (1953) »  (culture  medium  I),  is  based,  on  the  fermentation 
of  glycerol,  of  rhamnos,  and  on  the  reduction  of  nitrates. 

Mannitol t  Although  Tumanaky  (1958),  even  though  he  considers 
this  alcohol  as  usually  acidified  by  Malassez  and  Vignal's  bacillus, 
givss  this  character,  nsvertheless,  as  variable,  all  the  writers  and 
we  consider  this  fermentation  as  constant.  We  verified  it  in  6 00 
strains. 

We  have  found,  in  writing  on  the  subject,  only  two  strains 
described  as  not  acidifying  mannitolj  one  of  them  isolated  in  a  duck 
by  Krauss  and  Hensel  (I96I) ,  the  other  one  isolated  in  man  by  Moss 
and  Battle  (1941).  nevertheless,  we  saw  the  second  of  these  two 
strains  acidify  mannitol  in  24  hours. 

The  two  strains  described  by  Hlssig  and  colleagues  did  not 
produce  acidification,  but  we  have  already  expressed  reservations  on 
their  authenticity. 

Swellengrebel  and  Hoesen  (1915).  who  believed  that  mannitol 
is  acidified  more  actively  by  Malassez  and-  Vignal's  bacillus  than  by 
Iersin*s  bacillus,  offered  this  fermentation  as  a  criterion  of  dif¬ 
ferentiation. 

Adonitolt  Adonitol  is  probably  not  acidified,  according 
to  Christensen  (1927),  Savino  (1939).  Geurden  and  Willems  (1940), 
Marthedal  (1954),  Devignat  (1954),  Pollitzer  (1954).  It  is 
probably  constantly  acidified,  according  to  Vourloud  (1908),  Galli- 
Valerio  (1902-1903) ,  Kakehi  (1916),  Schfltze  (1928),  Truche  and  Bauche 
(1930),  Kurauchi  (1931),  Bishop  (1932),  Uriarte  and  Villazon  (1941), 
Macchiavello  (1941)*  Lesbouyries  (1941),  Mendonca  (1943),  Cecarelli 
(1950),  Winkle  (1955). 

The  action  is  variable,  according  to  Thai  (1954). 

For  Tumansky  (1958)  there  probably  is  no  acidification, 
generally,  whereas  Knapp  (1959)  considers  acidification  as  the 
rule  with  seme  exceptions. 

This  acidification,  like  the  acidification  of  salicin,  is 
constant  for  Hanpt  (1928)  and  is  sufficient,  according  to  him, 
for  differentiation  with  Salmonella  gallinarum. 

A  frequent  slowness  in  acidification  was  noted  by  Bishop 
(1932)  with  six  strains  of  Malassez  and  Vignal's  bacillus  and  Kakehi 
(1916)  demonstrated  that  the  divergencies  were  due  to  this  slowness 
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in  acidificationi  "every  strain  of  this  organism,  without  exception, 
ferns  acid  in  the  space  of  a  certain  length  of  time  with  considerable 
individual  differences  in  the  rapidity  of  the  action*  Such  action 
tas  not  noted  by  KacCoakey  (1905) .  Petrus  and  Macalister  (1911)  and 
Saisawa  (1913),  due  probably  to  the  fact  that  the  observation  was 
not  pursued  for  a  sufficiently  long  time."  Kakehi  demonstrated, 
besides,  that  "delays  in  the  change  that  begins  after  seven  to  ten 
days  and  does  not  reach  its  maximum  until  after  21  and  24  days  may 
be  shortened  by  transplanting  in  an  adcnitol  medium*  The  maximum 
is  reached  in  10  to  14  days  by  the  first  sub-culture  and  in  5  to  7 
days  by  the  second  one.  However,  sene  strains  may  produce  only  a 
very  weak  acidification  that  will  not  be  visible  until  close  to  the 
28th  day*  * 

One  of  Beaudette's  (1940)  strains  acidified  adonitol  slowly 
only  after  being  transplanted  in  a  mouse. 

According  to  our  own  results,  one  strain  out  of  two  does  not 
ferment  adonitol,  regardless  of  the  length  of  observation  time. 

Sorbitoli  It  is  not  acidified,  according  to  Lerche  (192?), 

Book  (1928)7  Schttze  (1928),  Moereh  and  Krogh-Lund  (1931)*  Russo 
(1939)#  Thai  (1954) ,  Devignat  (1954),  Tumansky  (1958),  etc.  Ac¬ 
cording  to  Brigham  and  Rettger  (1935)*  this  character,  that  is  common 
to  Halasses  and  signal's  bacillus  and  to  Tersincs  bacillus,  contrasts 
these  germs  with  P.  sentica.  an  opinion  confirmed  by  Knapp  (1959-1960) 
who  admits,  however,  the  possibility  of  exceptions  in  so  far  as 
Halassez  and  Tignal's  bacillus  is  concerned. 

The  acidification  is  variable,  according  to  Pollitzer  (1954), 

K.  F,  Meyer  (1955)*  Hnatko  and  Rodin  (1962),  It  is  probably  weak, 
according  to  Kaechiavello  (1941)  and  constant  for  Qalli-Valerio  (1902), 
Savino  and  Anchezar  (1939) ,  Geurden  and  Willems  (1940) . 

Strains  that  acidify  sorbitol  haw  also  been  described  tar 
Topping  and  colleagues  (1938),  Schaffer  (1939)»Cecarelli  (1950), 
Strains  of  HSssig  and  colleagues  (1949),  Terai  and  Kircheis  (1950) 
cannot  be  retained. 

According  to  our  experience,  the  action  of  Halassez  and  Vig- 
nal*s  bacillus  on  sorbitol  is  variable.  Although  three-fourths  of 
the  strains  produced  no  acidification,  some  of  them,  among  the  rest, 
are  capable  of  producing  a  commencement  of  change  and  certain  ones, 
more  rare,  acidify  definitely, 

Wli  its  noj>-acidification  is  almost  constant,  Pollitzer 
(1955).  Tumansky  (1958).  Knapp  (1959).  mention  the 
possibility  of  exceptions.  We  are  familiar  only  with  the  ones  pointed 
out  by  Vourloud  (1906).  Swellengrebel  and  Hoesen  (1915).  Roemisch 
(1919),  Schlffer  (1939)  and  Barsini  (1935)  and  we  ourselws  did  not 
find  ary  acidification  in  300  strains  examined. 

ZLatogoroff  reports  on  a  strain  whose  R- variant,  alone, 
acidified  ouleltol,  Roemisch  (1921)  observed  the  opposite  phenomenon. 

y  It  is  never  acidified,  according  to  all  the  writers, 
and  we  dSnotfind  ary  exceptions  in  200  strains  that  we  examined. 

fcrrthrolj  It  is  never  acidified,  aceording  to  Schttze' 

(1928),  Hwrch  and  Krogh-Lund  (1931).  Kaufftaann  (1933).  Rosso  (1939). 
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Devignat  (1954),  Pollitzer  (1954) .  Klimova  (1956),  Knapp  (1959- 
1960),  etc.  Only  Gal li- Valerio  (1902-1903)  and  Tumansky  (1958) 
mention  the  possibility  of  exceptions. 

Arabitolt  Savino  and  Anchezar  (1939)  consider  it  as  net 
not  acidified,  as  does  Russo  (1939)  who  points  out,  however,  the 
possibility  of  exceptions.  One  strain  isolated  in  man  by  Macohia- 
vello  (19^1)  acidified  arabitol  weakly  and  slowly. 

Quercitoli  The  action  of  Malassez  and  Vignal's  bacillus 
on  quercitol,  not  acidified  by  Tersin’s  bacillus,  according  to  dnaunqy 
(1923)»  and  acidified,  according  to  Tumansky  (1958),  was  not  studied. 

Action  on  glucosides. 

Esculin:  Russo  (1939)  was  the  first  to  mention  the  acidifica¬ 
tion  of  esculin  by  Malassez  and  Vignal's  bacillus,  a  result  that  was 
confirmed  by  Macchiavello  (1941),  Jamiesson  and  Soltys  (1946),  Tumansky 
(1958).  Mendonca  Machado  and  Transmontano  Pelouro  (1943)  were  the 
only  ones  who  did  not  observe  this  acidification  that  Parnas  (1961) 
confirmed  with  45  strains  studied  in  bouillon  with  1  part  in  1,000 
of  esculin*  In  an  eralirer  study  (1961)  we  obtained  acidification 
in  less  than  24  hours  with  318  strains  out  of  32?  on  gelose  that 
contained  1  part  in  1,000  of  esculin.  Only  two  strains  induced  a 
late  darkening  (13  and  15  days),  whereas  another  strain  acidified 
esculin  only  after  being  transplanted  on  a  rabbit  or  by  action  of  the 
bacteriophage.  Only  six  remained  Completely  negative.  In  the  present 
study,  of  617  strains  that  we  examined  we  found  only  13  that  did  not 
acidify  esculin. 

The  darkening  of  the  seeding  injection  is  usually  appre¬ 
ciable  during  the  very  first  hours  of  cultivation.  If  it  occurs  later, 
it  always  appears  first  at  28°, 

Esculin  is  also  acidified  by  Yer sin's  bacillus  in  less  ‘than 
24  hours  and  it  never  is  by  P.  septica. 

Amygdalin:  It  is  not  acidified,  according  to  Christensen 

(1927),  Sdifttze (1928),  M^rch  and  Krogh-Lund  (1930),  F.  Kuufftaann 
(1933)*  Russo  (1939),  Devignat  (1954),  Klimova  (1956),  K.  F.  Meyer 
(1958),  Tumansky  (1959).  The  possibility  of  exceptions  is  pointed 
out  by  Vourloud  (1906)  and  Knapp  (1959).  According  co  Pollitzer 
(1954),  on  the  contrary,  acidification  is  the  rule. 

Miravet  the  Issaly  (1950-1953) 5  while  making  a  parallel  study 
of  the  action  on  amygdalin,  snlicin,  arbutin  of  11  strains  of  Malassez 
and  Vignal’s  'bacillus,  11  strains  of  YorsJLn's  bacillus  and  48  strains 
of  P.  septica.  did  net  see  any  of  these  strains  produce  a  change  in  a 
gelose  culture  medium  containing  1  part  in  100  of  amygdalin. 

Arbutin:  Acidification  of  arbutin  by  Malassez  and  Vignal's 
bacillus  was  noted  by  Christensen  (192?),  Schttze  (1928),  Barsini 
(1935),  R'isso  (1939),  Macchiavello  (1941).  Miravet  de  Issaly  con¬ 
firmed  that  Malassez  and  Vignal’s  bacillus,  like  Yer sin's  bacillus, 
acidified  arbutin  but  P.  septica  did  not.  According  to  these  writers, 
its  fermentation  is  probably  on  a  par  with  the  fermentation  of  sali- 
cin. 
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SaUdni  According  to  the  general  opinion,  aaliein  is  acidified 
ala  oat  constantly.  Although  Knapp  and  Hasshof  (1954) ,  in  an  earlier 
attutsr,  concluded  that  there  was  no  acidification,  Knapp  (1959-1960) 
reversed  hiaaelf  on  this  point  and  consider  a  the  acidification  of  aali¬ 
ein  as  constant,  with  very  few  exceptions.  Sons  exceptions  were  also 
pointed  oat  bj  Christensen  (1927),  Haupt  (1928),  Pollitzer  (1954), 

Winkle  (1955)*  The  possibility  of  slowness  in  acidification  was  pointed 
oat  (Christensen,  1927))  Bishop,  1932;  M^reh  and  Krogh-Lund,  1931; 
Qearden  and  Willems,  1940;  Rosenwald  and  Dickinson,  1944;  Thai,  1954; 
Hnatko  and  Rodin  (1962). 

The  action  is  probably  variable,  according  to  Kodrnja  (1933), 
Stephan  (1941),  Harthedal  and  Welling  (1954). 

According  to  Snyder  and  Vogel  (1943),  the  "Spokane11  strain 
prodaoes  acidification  in  24  hoars,  and  then  alkalisation  on  the 
third  day. 

Haupt  (1928),  although  he  admitted  the  possibility  of  excep¬ 
tions,  saw  In  the  acidification  of  sallein  by  Malaases  and  Vignal’s 
bacillus  a  good  element  of  differentiation  with  Samonella  galllnarua 
and  Kurauchi  and  Hagata  (1950)  contrasted  fermentation  by  Hal&ssez 
and  VLgnal9s  bacillus  and  by  Tersin's  bacillus  with  the  absence  of 
acidification  by  P.seotisa.  a  result  confirmed  by  Issaly  (1950-1953) 
who  obtained  aeidSHoattcn  in  24  hours  of  a  gelose  culture  medium, 

1  part  in  100  of  sallein,  by  Tersin's  bacillus  and  by  Malassez  and 
VLgnal9s  bacillus.  Whereas  one  single  strain  out  of  48  of  P.  ssptlca 
gave  him  the  same  result. 

The  choice  of  the  peptone  is  especially  Important  for  investi¬ 
gating  the  acidification  of  sallein.  142  strains  examined  by  us 
did  not  give  us  ary  acidification  after  three  weeks  of  observation 
in  peptous  water  containing  2  parts  in  100  of  sallein  when  we  used 
fry  peptone,  whereas  the  ohange  was  constant  in  24  hours  with  IBF 
peptone. 


Various  reactions  must  be  considered  In  relation  to  the  aci- 
difioatidH  of  carbohydrate  substances; 

b.  Production  of  aee tr laethylcarbinol . 

Halassez  and  Vignal's  bacillus  and  Tersin's  bacillus  do  not 
produce  acetylmethylcarbinol  (negative  Voges-Proskauer  reaction). 

Test  with  methyl  red;  Hal  asses  and  Vignal's  bacillus  and 
Tersin98  baelljns  producs  in  a  Clark  and  Lobs  culture  medium  an 
evident  acidity  that  is  disclosed  by  testing  with  msthyl  red.  Kathey 
and  SiddCLe  (1954)  alone  pointed  out  a  strain  that  gives  a  positive 
reaction  at  the  time  of  its  isolation  and  then  a  negative  one  with 
the  subsequent  sub-cultures. 


o. 

jC  Piechsad  (1952),  while  studying  a  strain  recently  isolated 
in  a  man,  observed  that  it  did  not  develop  on  a  Simons's  culture 
medium.  According  to  Thai  (1954)  and  Devlgnat  (1954),  Malasses  and 
Vlgnal9s  and  Tersin's  bacillus  are  incapable  of  utilising 

sodium  citrate  as  the  sole  source  of  carbon.  Knapp  (1959)  seeded 
the  sae  median  with  14  strains  of  Malasses  and  Vignal's  bacillus  of 
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types  I  to  V  and  observed  that,  although  there  was  no  culture  at  370, 
three  strains  yielded  a  minimum  culture  at  22°  in  10  to  21  days* 

We  studied  (1961)  the  behavior  of  3 <7  strains  of  Malassez  and 
Vignal*s  bacillus  at  18°,  28°  and  37°  on  Simmons's  medium,  Christensen's 
medium  and  in  citrate  bouillon,  1  part  in  100,  with  the  following 
results: 

No  strain  develops  at  37°  on  Simmons's  medium.  On  the  other  hand, 
at  18°  most  of  the  strains  of  types  I,  II,  III  and  V  produced  a  very 
poor  culture  starting  with  the  tenth  day,  on  the  average,  with,  more 
slowly,  a  definite  change  of  the  medium.  This  change  appears,  ge¬ 
nerally,  in  two  to  three  weeks  and  even  later,  toward  the  78th  day. 

This  change  is  due  to  mutants  that  produce  the  appearance  of 
rare  white  colonies  contrasting  with  the  yellowish  appearance  of 
the  rest  of  the  culture.  The  number  of  these  colonies  varies  accord¬ 
ing  to  the  strains  and  often,  when  various  tests  were  made,  with  one 
same  strain,  due  no  doubt  to  the  more  or  less  large  amount  of  inoculum. 

Transplanting  these  colonies  on  a  Simmons  citrate  culture  me¬ 
dium  shortens  progressively  the  time  of  change  down  to  48  hours,  as 
Mameffe  had  already  observed  in  1939.  These  mutants,  nevertheless, 
remain  incapable  of  growing  at  37°  on  Simmons's  culture  medium. 

At  28°  one  strain  out  of  three,  approximately,  does  not  develop 
or  produces  only  a  very  meager  culture,  without  ever  causing  a  change 
in  the  medium.  Those  that  develop  at  this  temperature  always  produce 
a  change  still  later  than  at  18°. 

The  addition  of  two  drops  of  glucose,  30  parts  in  100,  per 
tube,  according  to  P.  Piechaud's  (1962)  technique,  shortens  very 
appreciably  the  time  of  change  that  then  usually  occurs  in  less  than 
one  week  and,  most  frequently,  in  48  hours.  But  even  under  these 
conditions  it  is  still  Impossible  to  obtain  a  culture  at  37°. 

The  behavior  of  strains  of  type  IV  is  appreciably  different 
from  the  behavior  of  strains  of  other  types.  Although  these  strains 
do  ’not  develop  at  37°  ary  more  so  than  the  others  at  18°  and  at  28°, 
a  change  in  the  medium  occurs  in  much  shorter  periods  of  time  than 
the  ones  observed  with  most  of  the  type  I,  II,  III  and  V  strains. 

Although  this  change  did  not  appear  until  the  15th  day  in  certain 
tests,  we  obtained  it  in  most  cases  between  two  and  four  days. 

On  Christensen's  culture  medium  the  results  are  identical,  with 
the  same  precocity  of  change  by  type  IV  strains. 

In  citrate  bouillon,  1  part  in  100,  most  of  the  strains  of 
Malassez  and  Vignal's  bacillus  acidified  the  citrate  in  15  days,  but 
only  at  18°. 

Tersin's  bacillus  and  P.  septica  do  not  modify  these  three 
mediums. 

d.  Fermentation  of  tartrates  and  mucate. 

Neither  D-tartrate  (Kauffmann,  1933;  Stephan,  1941;  Cecarelli, 

1950:  Thai,  1954;  J.  Schmidt,  1959;  Mollaret,  1961),  nor  L-  and  I- 
tartaric  acids  (Mollaret,  1961),  nor  sodium  mucate  (Thai,  1954), 
are  acidified  by  Malassez  and  Vignal’s  or  Tersin's  bacilli. 

Fermentation  of  sodium  malonate.  In  Leif son's  3odium  malonate 
bouillon  none  of  the  32?  strains  of  Malassez  and  Vignal's  bacillus 
of  types  I,  H,  HI  and  V  that  we  studied  (1961)  acidified  malonate, 
regardless  of  the  incubation  temperature.  On  the  other  hand,  the 
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three  strains  of  type  17  that  we  had  at  the  tine  produced  a  change 
of  the  medium  in  h8  hours  at  28°  and  In  4  to  7  days  at  18°,  whereas 
there  was  no  modification  at  37°. 

Two  other  strains  of  type  IV  that  we  examined  subsequently 
yielded  the  same  results.  On  the  other  hand*  a  sixth  strain  of  the 
same  type,  isolated  by  J.  Bouton  and  E.  0.  Hall  using  the  stools  of 
a  child  suffering  from  meseterio  adenitis  did  not  acidify  malonate* 
This  fomentation,  although  it  seems  indeed  to  be  an  exclusive  attri¬ 
bute  of  type  IV  of  Malassez  and  Vignal's  bacillus,  is  not,  however, 
a  constant  character  of  it. 

The  absence  of  acidification  of  malonate  by  Malassez  and  Vig- 
nal*s  bacillus  was  confirmed  by  Steel  and  Hidgley  (1962). 
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3.  Metabolism  of  nitrogenous  substances* 

a.  Proteolytic  power. 

Pfeiffer  (1889)  was  the  first  to  observe  that  Malassez  and 
Vignal's  bacillus  is  lacking  in  any  proteolytic  power.  Neither  plain 
gelatin,  nor  Kohn's  gelatin,  nor  coagulated  serum  or  egg  albumin  is 
acidified  by  it.  There  is  unanimous  agreement  on  this  point  and  no 
strain  in  our  collection  was  an  exception  to  this  rule,  regardless 
of  the  incubation  temperatures  and  the  length  of  observation. 

b.  Decomposition  of  urea. 

The  decomposition  of  urea  by  Malassez  and  Vignal's  bacillus 
is  an  Important  character  both  for  its  constancy  and  for  the  fact 
that  there  are  no  strains  of  Yersin's  bacillus  that  show  this  same 
property 

Urease  in  Malassez  and  Vignal's  bacillus  was  demonstrated  for 
the  first  time  in  1950  in  the  general  microbiology  laboratory  of  the 
Pasteur  Institute  by  «T.  Gaillard  whose  work  was  not  published.  In 
the  same  year,  Fauconnier  and  Chevalier  (1950)  made  known  the  identi¬ 
cal  results  obtained  by  them  in  G.  Girard's  laboratory.  These  results 
were  confirmed  by  Issaly  (1950-1953)  and  then  by  Thai  (1954)  with  186 
strains  and  by  Thai  and  Chen  (1954)  with  204  strains  of  Malassez 
and  Vignal's  bacillus  and  50  strains  of  Xersin's  bacillus. 

In  1961  we  examined  the  behavior  of  32?  strains  of  Malassez 
and  Vignal's  bacillus  at  1B°,  27°  and  37°  in  the  following  culture 
mediums!  Ferguson's  medium,  Roland-Bourbon-Szturm's  urea- indole  medium, 
Christensen's  urea  medium,  and  placenta-urea  bouillon  recommended  by 
Sohier  for  proving  the  presence  of  urease  in  certain  Corynebacterlum  with 
the  following  formula! 

(Sohrab  194?)  placenta  bouillon  .  100  ml 

Urea  solution,  50  parts  in  100  .  5  ml 

Creson  red  solution,  0.4  parts  in  100  5  ml 

In  a  urea-indole  medium  and  in  Ferguson's  medium,  we  observed 
a  change  in  less  than  four  hours,  as  Fauconnier  had  demonstrated, 
most  often  within  an  hour,  some  times  in  fifteen  minutes  or  even 
almost  immediately.  In  these  time-periods  the  temperature  did  not 
modify  the  rapidity  of  the  reaction.  On  the  other  hand,  with  seme 
strains  that  give  a  late  reaction  the  change  always  appears  first  at 
37°.  In  these  cases  the  time  required  for  the  change  according  to 
temperature  is  usually  definite!  for  example,  change  in  six  hours  at 
37°  and  in  twenty  hours  at  18°, 

On  Christensen's  medium  change  appears  toward  the  20th  hour, 
as  Thai  and  Chen  observed.  Temperature  does  not  modify  this  period 
of  time. 

In  placenta-urea  bouillon,  the  change  starts  toward  the  sixth 
hour  at  37°  and  always  later  at  28°  and  especially  at  18°.  This 
last-mentioned  culture  medium  gave  us  more  consistently  positive  re¬ 
sults  than  the  other  three.  Thus,  strain  35-H  ("pheasant"  strain) 
that  Fauconnier,  in  1950*  had  found  to  be  negative  in  a  urea-indole 
medium  and  in  Ferguson's  culture  medium  and  that  had  given  the  same 
results  to  Devi  gnat  in  1954,  also  showed  up  as  negative  to  us  on 
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those  tiro  mediums  as  well  as  on  Christensen's  culture  medium,  but 
it  shoved  Itself  as  positive  in  a  placenta  medium  (the  controls  to 
which  urea  had  naturally  not  been  added  did  not  change). 

On  the  other  hand*  three  recently  isolated  strains  (230-1, 

231^1  and  23 2-1)  that  ve  found  to  be  positive  late  in  a  urea-indole 
culture  medium,  Ferguson's  medium  and  Christensen's  medium  (more 
than  24  hours  and,  for  one  of  them,  more  than  4*  hours) ,  shoved  up, 
on  the  contrary,  from  the  time  of  isolation  as  positive  in  placenta 
bouillon  (successive  transplantings  of  these  strains  on  gelose  pro¬ 
gressively  reduced  for  two  of  them  the  time  required  for  change  In 
a  urea-indole  medium  and  In  Ferguson's  medium  to  six  hours  beginning  with 
the  third  transplanting  and  to  four  hours  beginning  with  the  elhth. 

This  explains,  without  doubt,  why  we  found  strain  25-11,  that  in  1950 
FauoomnLar  had  found  to  be  negative  on  these  same  mediums,  to  be  posi¬ 
tive  in  four  hours  on  a  urea-indole  medium  and  on  Ferguson's  medium). 

The  decomposition  of  urea  by  Malasses  and  Signal's  bacillus 
is,  therefore,  ajeonstant  character  in  the  617  strains  of  this  gem 
that  we  examined.  Although  only  4  produced  a  late  change  on  a  urea- 
indole  culture  medium  and  on  Ferguson's  medium  and  only  one  remained 
definitely  negative  on  these  same  mediums,  all  of  than  appeared  to 
be  capable  of  deecmptsing  urea'  in  placenta  bouillon. 

On  the  four  medians  used,  Tersin's  bacillus  and  P.  sentlca 
always  shoved  that  they  were  lacking  in  urease. 

Op  until  the  present  time  no  strain  of  Malasses  and  Vignal's 
barillas  has  been  found  that  is  not  eapable  of  decomposing  urea 
[Set  Vftw  xj,  vhereas  every  strain  of  Tersin's  bacillus  studied 
by  a  great  number  of  vriters  has  always  been  demonstrated  as  incapfcble 
of  doing  w-  Otoe  Rote  2],  The  value  of  this  test  is  increased  all 
the  more  by  vhe  faet  that,  although  Brunet  (1952)  succeeded  in  making 
Malasses  and  Vignal's  bacillus  lose,  by  action  of  bacteriophage,  two 
of  ite  moot  important  characters,  mobility  and  the  capacity  for  aei- 
ditying  glycerol,  its  behavior  in  the  presence  of  urea  did  not,  on 
the  other  hand,  undergo  any  modification. 

([tote  It]  The  strains  published  by  Hlsaig  and  colleagues 
(1949)  as  lacking  in  urease  have  toe  many  aberrant  characters  to  be 
retained,  and,  although  Ol'Janova  (1961)  mentions  three  strains  of 
Malasses  and  Vignal's  bacillus  lsoring  in  urease,  ve  have  received 
from  Maine  Boulanova  Juscanko,  vho  studied  these  strains  in  the  Oa- 
maleia  Institute,  agsuranoe  that  they  really  decomposed  urea  in  24 
hours.) 

([Bote  2s]  Ihe  strain  isolated  by  Beynes  (1950),  00  peculiar 
in  several  respects  and  shoe#  ureasio  activity  Fauconnier  (1950) 
verified,  vlll  not  be  retained.  On  the  other  hand,  0.  Girard  (1953) 
pointed  out  a  etraia  of  Terain'a  bacillus  eapable  of  decomposing 
urea^  Ve  took  up  the  studbr  of  this  strain,  isolated  in  man  in  Kenya 
by  Relaohl  It  produces,  In  effect,  a  change  of  the  uroa- Indole 
— Hf  in  three  days  and  of  Christensen's  medium  in  8  day*,  but  it 
has,  however,  no  effect  on  the  placenta-urea  bouillon.) 

The  establishment  of  urease  constitutes,  therefore,  one  of  the 
best,  and  even,  in  our  opinion,  the  surest  eirterla  of  differentia¬ 
tion.  Although  the  use  of  the  plaoeata-urea  culture  medltn  turned 
out  to  be  laddjpcnsakle  for  seversl  rare  strains,  in  current  praetlee 
Ferguson's  mediae,  the  urea-indole  medium  and  Christensen's  urea 
aediw  or  the  oemplex  urea .  list) Immobility  median  of  Devignat  (1953- 
1954)  make  a  definite  diagnosis  easily  possible. 
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c.  Production  of  catabolites 


Indole »  Ever  since  the  first  observation  that  was  made  by 
Lucet  (159577  the  absence  of  the  formation  of  indole  by  Malassez 
and  Vignal's  bacillus  has  been  confirmed  unanimously. 

Zeiss  (1914)  described  a  strain  that  produced  indole  but 
whose  other  characters  left  great  doubts  on  its  real  identity.  Only 
two  writers  obtained  traces  of  indole  in  peptone  water  (Murray- 
Pullar,  1932  and  Sautu  Riestra,  1929).  the  latter  after  eight  days 
of  cultivation. 

Of  more  than  600  strains  examined  by  us  none  produced  indole 
in  peptone  water  or  in  a  urea-indole  medium  after  ten  days  of  incu¬ 
bation  at  different  temperatures.  This  character  that  may  be  con¬ 
sidered  as  absolute  in  Malassez  and  Vignal’s  bacillus  and  in  Tersin’s 
bacillus  is  compared  with  the  constant  production  of  indole  by  P. 
septica. 

Amnonlat  The  production  of  ammonia  by  Malassez  and  Vignal’s 
bacillus  is  constant  (Wilson  and  Miles,  1955;  Bergey,  1957;  J.  Dumas, 
1958,  etc.).  It  is  probably  less  strong  than  the  production  of  am¬ 
monia  by  Tersin*s  bacillus,  according  to  Devignat  (195*0  • 

Nitrous  acldt  The  reduction  of  nitrates  into  nitrites  has 
often  been  confused  with  the  production  of  nitrous  acid  at  the  ex¬ 
pense  of  the  proteins  in  a  culture  medium  strictly  lacking  in  nitrates, 
since  both  phenomena  are  controlled  by  the  same  reaction  (Griess’s 
reaction).  The  Manual  of  Methods  for  Pure  Culture  Study  of  Bacteria 
(1942)  and  Devignat  (1952)  insisted  rightfully  on” the  need  for  distin¬ 
guishing  these  two  actions  whose  confusion  accounts  for  the  discre¬ 
pancies  in  the  results  of  seme  authors  who  adhered  to  the  differen¬ 
tiation  of  Malassez  and  Vignal's  bacillus  and  lersin's  bacillus  by 
establishing  one  or  the  other  of  thee#  actions. 

Thus  Fusco  (1927-1932)  and  Mlcheletti  (1932) ,  after  having  con¬ 
cluded  that  "every  culture  that  does  not  give  a  positive  response  to 
Griess*a  reaction  is  not  a  plague  culture",  remove,  nevertheless, 
all  value  from  this  reaction  for  purpose  of  differentiating  with  Malassez 
and  Vignal’s  bacillus,  because  they  also  obtained  a  positive  reaction 
with  a  strain  of  this  bacillus  (strain  *PG  33"  of  the  Lister  Institute). 
Gore  (1930/*  on  the  other  hand,  although  he  confirmed  the  presence  of 
nitrite  in  plague  cultures  in  peptone  water  without  the  addition  of 
nitrate,  did  not  observe  any  in  cultures  of  Malassez  and  Vignal's 
bacillus  in  the  same  culture  medium. 

Knovalova  (1930)  demonstrated,  while  examining  10  strains  of 
this  bacillus,  that,  although  they  all  reduced  nitrates,  only  two 
produced  nitrites  in  medians  lacking  in  nitrate,  whereas  out  of  146 
plague  strains  only  9  reduced  nitrates  and  6  gave  a  positive  reaction 
in  bouillon  without  nitrate.  According  to  these  conclusions,  and 
according  to  Wu,  ChunG  and  Pollitzer  (1936),  distinction  between  the 
two  germs  is  probably  not  possible  with  Oriess’s  reaction. 

Petragnani  (1937),  has  a  different  iopinion.  According 
to  him,  Tersin*s  bacillus,  alone,  probably  produces  nitrous  acid  in 
liver  bouillon,  but  Girard  (1940).  after  having  obtained  a  "very 
slightly  positive"  reaction  with  the  "Sydney  Rowland"  strain  of  * 

Malassez  and  Vignal’s  bacillus  with  103  strains  of  lersin's  ba¬ 
cillus,  variable  results  with  four  strains  and  negative  with  nine 
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others,  removes  the  absolute  character  from  the  reaction  reccumended 
by  Petragnanii 

These  divergencies  are  now  explained  to  us  as  each  by  the  fact 
that  the  three  varieties,  medieval,  oriental  and  ancient,  of  Tarsia* s 
baoillns  do  not  have  the  sane  aptitude  for  reducing  nitrates  into 
nitrites  or  for  producing  nitrous  acid  in  mediums  lacking  in  nitrate, 
as  they  are  especially  explained  by  the  possible  confusion  of  these 
two  phenomena* 

The  production  of  nitrous  aoid  by  the  oriental  and  encient  va¬ 
rieties  of  Tersin's  bacillus  and  its  non-production  by  the  medieval 
variety  were  demonstrated  byftmovalova  (1930),  Devlgnat  (1951), 
Baltasard  and  Aslani  (1932),  Devlgnat  and  Chevalier  (1952),  Devlgnat 
CWU) 

The  production  of  nitrous  aoid  by  Malassee  and  Vignal's  ba¬ 
cillus  is  oonented  on  as  follows  by  DeVignat  (1954)  t  *11118  pro¬ 
duction  of  nitrous  sold  does  not  seem  to  be  attributable  to  the  de¬ 
composition  of  peptones,  in  the  chad  cal  sense  of  the  word.  The  few 
experiments  that  we  were  able  to  perform  (1952)  would  seem  to  indicate 
that  the  extensive  degradation  of  proteins,  for  exmnpl*  by  papain, 
makes  the  substrate  unfavorable,  whereas  the  large  proteinic  molecules, 
such  as  the  ones  contained  in  macerated  meat,  are  very  favorable  to 
the  appearance  of  the  phenomenon  whoee  process  must  differ  logically 
from  the  one  that  intervenes  in  the  reduction  cf  nitrates* 

The  five  pseudotubereulosls  strains  in  our  possession  did 
not  give  axy  Cries*  reaction  in  nutrient  bouillon*  nevertheless,  they 
denatured  the  protein  or  protein*  Involved  in  the  reaction.  In 
fact,  while  me  were  studying  our  three  negative  medieval  strains, 

N*38a  IU39  and  M.40,  on  the  on*  hand,  and  the  five  negative  pseudo- 
tubarouloels  strains  on  the  other  hand,  we  observed  the  foil owing! 

A  sample  of  a  four-day  old  culture  in  bouillon  at  30oC  of 
medieval  strains  and  of  peeudotuberculosis  strains  did  not  produce 
Qrlees*s  reaction,  as  had  been  predicted.  We  put  all  the  tubes  of 

in  e  for  ten  mimtee,  in  order  to  kill  the  microbes 

with  heati  After  cooling,  the  deed  microbes  are  deposited  in  the  bot¬ 
tom  of  the  tube,  leaving  a  dear  liquid  floating  on  top.  We  seeded 
In  tide  bouillon,  by  means  of  proliferative  gems,  a  strain  of  Alcali- 
aanaa  fasoelim.  a  ge*m  that  poetesses  the  property  of  inducing  the  apl 
peeranoe  of  the  KS  ion  in  plain  bouillon  (Henrlquaa,  1942)*  After 
four  day*  of  this  secondary  cultivation,  which  becomes  very  abundant, 
ee  added  Grimes*!  lndioator*  W*  observed  that  the  reaction  was  po¬ 
sitive  in  the  tubes  where  the  M  strains  formed  the  primary  culture 
and  that  it  wee  negative  in  the  five  tubes  in  tfcloh  the  PST  strains 
had  been  cultivated  beforehand*  The  events  transpired,  therefore, 
as  if  the  medieval  variety  of  plague  strains  did  not  alter  the 
nltrlgamoas  protein,  that  remained  sensitive  to  lloallxeaoo  faeoali*. 
while  the  pseudotebaroul  osia  strains  denatured  this  same  protein 
without  the  nitrous  ion  to  appear  or  by  extending  the  disin¬ 

tegration  to  a  more  advanced  stage. 

*3b  aomaxy,  the  antique  and  oriental  varieties  of  P.  nettle 
strains  nitrify  certain  proteins  and  the  medieval  variety  leave 
than  intact:  On  the  other  hand,  all  the  strain#  of  P,  peeudotubar- 
culoads  damtured  these  seme  proteins,  some  of  thm,  according  to 
Girard  (1940),  by  prods  el  the  nitrous  ion,  detectable  by  means  of 

Orissa* a  lndioator,  and  others,  including  our  five,  by  decomposing 
thus  in  a  different  manner.* 
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After  we  had  seeded  533  strains  of  Malassez  sr.  i  \  ^  jr*s  I’s  ba¬ 
cillus  in  the  same  culture  medium  as  the  one  used  to  investigate  the 
reduction  of  nitrates  (macerated  meat  -.ad  peptic  hydrolysate  of  pork 
belly),  but  without  the  addition  of  nitrate,  301  of  than  gave,  on  the 
third  day  of  incubation,  a  strongly  positive  Griess  reaction,  where¬ 
as  of  the  remaining  132,  that  were  re-examined  after  five  more  days 
of  incubation,  55  gave  a  definite  rose  coloration  and  177  a  completely 
negative  response. 

In  the  presence  of  PTC  peptone,  518  strains  out  of  533  this 
time  gave  a  definitely  positive  Griess  reaction  on  the  third  day. 

d.  Examination  for  sulfuretted  hydrogen. 

Although,  according  to  Haupt  (1928),  Schfttze  (1928),  Gore  (1930), 
F.  Kaufffcann  (1933).  Duiardin-Beaumetz  (1934),  Wu,  Chung,  and  Pollitzer 
(1936),  Pollitzer  (1954),  Thai  (1954),  Wildfuhr  (1959),  Ul'Janova 
(I96I),  etc.,  Malassez  and  Vignal’s  bacillus  does  not  produce  sulfu¬ 
retted  hydrogen,  a  number  of  writers  are  of  a  contrary  opinion 1 
Savino  and  Anchezar  (1933),  Russo  (1939),  Macciavello  (1941),  Moss  and 
Battle  (1941),  Rosenwald  and  Dickinson  (1944),  Cecarelli  U950),  Van 
Dorssen  (1951),  ttriarte  and  Villszon  (1953),  Gaiger  and  Davies  (1955), 
B®r gey  (1957)* 

The  production  of  hydrogen  sulfide  is  probably  variable,  ac¬ 
cording  to  Dungall  (1931)  and  Topley  (1955);  it  is  zero  or  very  weak 
according  to  Knapp  (1959-1960),  who  investigated  it  in  Kligler’s 
medium  and  on  SIM  Difco  agar. 

The  differences  in  the  techniques  utilized  partially  account 
for  these  divergencies.  Thus  Granclni  (1939)  noted  that  the  same 
strains  that  produced  a  darkening  in  gelose  with  sodium  thiosulfate, 
in  cystine  gelosd,  in  gelose  with  sodium  sulfate,  did  not  produce  any 
in  gelose  with  potassium  sulfate.  According  to  Devignat  (1954)  "on 
gelose  with  lead  (lead  acetate  Difco  agar),  Malassez  and  Vlgnal’s 
bacillus  darkened  the  medium  slightly  along  the  seeding  injection  where¬ 
as  it  is  not  possible  to  detect  the  slightest  darkening  in  Kligler's 
culture  medium.  Iron,  therefore,  would  not  be  suitable  for  use  as 
an  indicator  in  this  study  of  Malassez  and  Vignal's  bacillus.* 

Of  400  strains  examined  we  never  observed  any  darkening  re¬ 
gardless  of  the  incubation  temperature  and  the  length  of  observation, 
either  in  KHgler*s  medium,  in  Christensen’s  medium  modified  with  fer- 
ric-amaoniacal  citrate,  in  gelose  medium  4  parts  in  1,000  with  the  ad¬ 
dition  of  1  part  in  1,000  of  sodium  hypo  sulfite  and  two  drops  of  a 
solution  with  l/lC  of  lead  subacetate  per  tube  of  1C  ml  of  medium, 
or  on  strips  of  acetate  paper  or  lead  subacetate  paper  inserted  in 
tubes  of  culture  on  liver  gelose.  Although  it  is  constant,  starting 
with  the  5th  to  7th  day  in  gelose  with  lead  subacetate,  to  observe  a 
browning  alongth#  seeding  injection,  there  is  never  any  real  dark¬ 
ening.  Therefore,  we  consider  that  under  these  conditions  Malassez 
and  Vigyul’a  bacillus  does  not  produce  hydrogen  sulfide. 

Rosenwald  and  Dickinson  (1944)  isolated,  at  the  time  of  an 
epizootic  in  turkeys,  several  strains  same  of  idiich  gave,  on  isolation, 
some  traces  of  hydrogen  sulfide,  although  one  did  not  produce  ary 
until  it  had  been  transplanted  on  a  guinea-pig.  Ve  transplanted  a 
certain  number  of  our  strains  in  a  guinea-pig  without  making  the  same 
observation. 
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a.  ^nan^pft^on  for  lysine  decarboxylase,  tryptophan  deaminase 
and  the  transformation  of  phenylalanine,  in  phegyl-pyruvic  acid. 

These  reactions  are  negative  at  18°,  27°  and  37°  with  every 
strain  of  Malassez  and  Vignal’s  bacillus e  Tersin's  bacillus  and  P, 
septica  (Hollaret,  1961). 

Henrikseen  and  Jyssum  (1961),  Steel  and  Midgley  (1962)  con¬ 
fined  the  absence  of  phenylalanine  deaminase  in  the  Pasteurella 
bacilli. 

The  establishment  of  an  ornithine  decarboxylase  in  P.  septica 
is  probably  a  supplementary  differentiation  criterium  with  Malassez 
and  Vlgnal's  and  Tersin’s  bacilli,  according  to  Steel  and  Midgley 
(1962). 


f.  Behavior  In  milk. 

Malassez  and  Vignal's  bacillus  and  Tersin's  bacillus  grow  easily 
in  milk  that  is  never  coagulated  by  then  (Pfeiffer,  1889?  Delbanco, 
1896;  Lacet,  1898-1899;  Klein,  1899-1900;  Zvick,  1908;  Schttze, 

1928;  Dajardli>*Bsanmetz,  1934,  etc.).  Only  Galli- Valerio  (1903)  con¬ 
trasted  the  coagulation  of  milk  by  Malassez  and  Vignal's  bacillus 
with  the  absence  of  coagulation  by  Tersin's  bacillus,  an  assertion 
criticized  by  Lehmann  and  Leumann  (190?),  Vourloud  (1908),  etc.  The 
fev  strains  described  as  capable  of  producing  a  slow  coagulation 
(Cagnetto,  1905)  were  certainly  not  authentic  Malassez  and  Vignal's 
bacilli. 

The  progressive  alkalization  of  litmus  milk  was  mentioned  by 
Schltze  (1928),  Savino  and  inchezar  (1939).  Mathey  and  Siddle  (1954) . 
etc.  According  to  MacConkey  (1908)  and  Kakehi  (1910) ,  it  appears 
toward  the  3rd  to  4th  day  at  37°  and  reaches  its  maximum  on  the  5th 
dAy.  According  to  Reis  and  Hobrega  (1936),  it  took  longer  (5  to  7 
days.)  It  is  slow  and  weak  for  Topley  (1955)  but  constant  for  Mac- 
Conkey  (1908)  and  Petrie  and  HacAlister  (1911),  according  to  whom  this 
reaction  may  serve  to  differentiate  from  Tersin's  bacillus.  Kurauchi 
(1931)  insisted  on  the  alkalization  produced  in  four  to  seven  days 
by  Malassez  and  Vignal's  bacillus  in  contrast  with  the  acidification 
produced  by  Tersin's  bacillus  in  24  to  48  hours  and  the  absence  of 
modification  by  P.  septica.  Brigham  and  Rettger  (1953)  likewise  see 
in  it  a  distinguishing  character  from  P.  septica. 

MaeCoy,  according  to  Moss  and  Battle  (1941),  considers  this 
criterium  as  certain  and  gives  as  constant,  after  a  slight  initial 
aoidifioation,  a  definite  alkalization  occurring  at  the  end  of  three 
to  four  days  to  one  week. 

However,  this  alkalization  is  net  admitted  by  all,  and  the 
absence  of  modification  of  litmus  milk  is  mentioned  by  Klein  (1899- 
1900),  Lerehe  (1927),  Truche  and  Bauehe  (1929),  Barsini  (1935),  etc. 
likaronof  (1927),  Ifa,  Chung  and  Pollitzer  (1936)  even  take  away  all 
value  frcm  this  medium  for  differentiating  Malassez  and  Vignal's 
bacillus  frcm  Tersin's  bacillus  due  to  the  inconsistency  or  to  the 
weakness  of  the  alkalization  by  the  first-mentioned  bacillus  and  to 
the  possibility  of  abnormal  reaotions  with  the  second. 

Devignat  (1954)  observed  with  five  strains  of  Malassez  and 
Vignal's  baHllws  "a  very  definite  alkalization  in  a  few  days  at  30° 
and  a  after  24  hours  of  contact  at  37°  between  a  mixture  of 

an  equal  part  of  litmus  milk  and  of  a  thick  suspension  of  non- 
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proliferative  Malassez  and  Vignal’s  bacillus. n 

Of  103  strains  that  we  examined,  all  produced  alkalization  in 
one  week  at  37°. 

Litmus  Whey?  MacConkey  (1908,  then  Otten  (1926),  suggested 
using  this  medium  to  distinguish  the  plague  bacillus  from  Malassez 
and  Vignal’s  bacillus.  The  slight  acidification  produced  by  the  first- 
mentioned  bacillus  and  the  alkalization  induced  by  the  second  were 
confirmed  by  Dujardin-Beaumetz  (193*0.  G.  Girard  (1953),  Knapp  (1959). 

An  initial  acidification  phase  usually  precedes  alkalization 
(MacConkey,  1908;  Swellengrebel  and  Hoesen,  1915;  Otten,  1926;  Dumas, 
1951). 

Nevertheless,  a  number  of  authors  did  not  observe  any  alkali¬ 
zation  (Truche  and  Bauche,  1929)  and  others  take  all  value  away  from 
this  medium  (Pirie,  1927;  Miller  and  Gladky,  1927;  Schitze,  192S). 

98  strains  of  Malassez  and  Vignal’s  bacillus  examined  by  us 
produced  bluing  of  the  medium  in  24  hours  at  37°. 

g.  Action  on  the  red  corpuscles. 

Malassez  and  Vignal’s  bacillus  is  completely  lacking  in  action 
on  red  corpuscles,  according  to  almost  all  the  writers  on  the  subject 
(Roemisch,  1921;  Baumann,  1927;  Boquet,  1937;  Terpilowska  Rutkowska, 
1938;  Wilson  and  Miles,  1955;  Bergey,  1957;  Knapp,  I960;  Parcebois, 
1961,  etc.)  or,  according  to  seme,  it  probably  produces  a  slight  he¬ 
molysis  (Barsini,  1935)  or  a  late  hemolysis  (Stephan,  1941)  only  ex¬ 
ceptionally  (Dumas,  1958).  The  absence  of  hemolysis  followed  by  hemo- 
digestion  is  reported  by  Henriksen  and  Jyssum  (1961).  A  butyroas 
aspect  of  the  colonies,  although  the  gelose  became  clear  and  chest¬ 
nut-colored,  was  mentioned  by  Mathey  and  Siddle  (1954) . 

Certain  writers  have  insisted  on  the  lack  of  uniform  sensitivity 
of  the  red  corpuscles  in  various  animal  species.  Thus  Malassez  and 
Vignal*s  bacillus  probably  hmolyzes  red  corpuscles  in  the  horse,  the 
rabbit  and  the  guinea-pig,  according  to  Korobkova  (1940)  [See  Note] 
and  in  the  sheep,  according  to  Pomanskaya  (1959). 

([Note;]  According  to  Communal  (1945),  Korobkova  stated  that 
Malassez  and  Vignal*s  bacillus  did  not  hemolyze  the  red  corpuscles 
in  man  and  in  the  camel.  We  did  not  find  this  statement  in  Korobkova* s 
article.) 

According  to  Moss  and  Battle  (1941),  the  human  strain  isolated 
by  these  writers,  lacking  in  action  on  human  red  corpuscles,  caused 
a  beta  type  hemolysis  on  gelose  with  rabbit  blood  and  the  production 
of  methemoglobin  on  gelose  with  meat  extract  and  rabbit  blood  with 
the  addition  of  0*5  parts  in  100  of  dextrose. 

The  following  are  the  conclusions  of  Harlsi jades  (1953),  after 
having  studied  the  action  of  Malassez  and  Vignal’s  bacillus  on  the 
red  corpuscles  of  various  animal  species  at  different  temperatures 
and  at  various  01  values;  Malassez  and  Vignal’s  bacillus  probably 
hmolyzes  the  red  corpuscles  of  the  rabbit,  guinea-pig,  horse  and 
not  of  the  sheep,  ox,  dog,  rat,  goat  and  chicken.  This  hemolytic 
activity  depends  both  on  the  pH  and  the  temperature.  Thus  the  op¬ 
timum  pH  is  8  for  rabbit  and  guinea-pig  blood  and  the  optimum  tem¬ 
perature  is  37°  for  the  hemolysis  of  the  red  corpuscles  in  the  guinea- 
pig,  30°  for  the  rabbit  and  22°  for  the  horse. 
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Devignat  (1954)  made  the  following  observations  with  the  R- 
and  S- variants  of  three  strains  of  Malassez  and  Vignal's  bacillus* 

•There  is  no  trace  of  hemolysis  after  48  hours  of  incubation  at  37°, 
but  after  48  additional  hours  of  cultivation  at  the  ambient  temperature, 
the  R-  and  S- variants  of  two  strains  out  of  three  are  surrounded  by  a 
definite  area  of  beta  type  hemolysis  on  sheep  and  rabbit  blood  but  do 
not  lyse  guinea-pig  blood.  A  third  strain  did  not  produce  hemolysis 
after  an  additional  observation  for  four  days." 

We  examined  the  behavior,  at  18°,  28°  and  37°  on  gelose  with 
horse  blood  at  pH  7.4-  and  on  gelose  with  rabbit  blood  at  pH  7*8»  of 
120  strains  of  Malassez  and  Vignal’s  bacillus  without  observing  the 
slightest  trace  of  hemolysis  after  4  days  of  incubation.  Since  De¬ 
vignat  had  observed  hemolysis  only  after  48  additional  hours  of  obser¬ 
vation  at  ordinary  temperature,  we  re-examined  our  cultures  under  the 
same  conditions.  Only  one  strain  that  did  not  hemolyze  horse  or  rab¬ 
bit  blood  either  at  18o  or  at  37°  produced  a  slight  hemolysis  on  gelose 
with  horse  blood  after  48  hours  of  incubation  at  room  temperature 
following  an  initial  incubation  for  48  hours  at  37 °* 


17  —  VITALITY.  PRESERVATION  AND  SENSITIVITY  TQ  PHYSICAL 
AND  CHEMICAL  AGENTS  A HD  TO  BACTERIOPHAGE 

1.  Vitality  in  artificial  culture  mediums. 

The  long  vitality  of  the  germ  in  the  various  culture  mediums 
has  been  observed  for  a  long  time.  For  Lucet  (1898),  one  of  the  pe¬ 
culiarities  of  the  germ  is  "the  long  time  during  which  it  preserves  its 
vegetative  power  and  its  virulence  in  cultures.  Cultivated  on  gelose, 
left  in  the  incubator  at  37°  for  three  weeks,  then  preserved  at  la¬ 
boratory  temperature  and  in  the  light,  it  still  provides  very  beauti¬ 
ful  cultures  when,  after  seven  months,  it  is  seeded  again.  In  the  same 
medium  or  in  peptone  bouillon  it  is  still  capable  of  growing  after 
remaining  in  the  incubator  for  three  months  at  37°  and  four  months  at 
28°.  A  culture  in  bouillon,  six  months  old,  kept  partly  in  the  incu¬ 
bator  at  28°  and  partly  at  laboratory  temperature  kills  in  three  days 
with  a  2  cc  dose  inoculated  in  the  blood  stream  of  an  average  sized 
rabbit.'" 

Megnin  and  Mosny  (1891)  saw  the  vitality  and  the  pathogenic 
power  of  cultures  in  gelatin  preserved  at  38°  persist  for  four  months 
and  for  30  to  35  days  with  cultures  in  bouillon  kept  at  the  3ame  tem¬ 
perature  l 

Truche  and  Bauche  (1929),  Dujardin-Beaumetz  (193*0*  Lesbouyries 
(1941)  insisted  on  the  satisfactory  vitality  of  the  germ  in  bouillon 
and  in  gelose  or  in  formulated  serum  under  liquid  petrolatum  (Truche, 
1938),  but  the  best  demonstrations  of  its  good  preservation  were  sup¬ 
plied  by  Polettini  (1924)  and  Merlini  (1938).  Polettini,  who  trans¬ 
planted  in  1924  some  cultures  on  gelose  or  in  bouillon  preserved 
in  sealed  tubes  by  Sacerdotti  22  years  earlier,  obtained,  from  the 
gelose  tubeij*,  cultures  "that  have  preserved  their  virulence,  although 
with  a  certain  attenuation." 

Merlini,  who  transplanted  in  1938  four  other  cultures  on  gelose 
sealed  by  Sacerdotti  at  the  same  time  as  the  preceding  ones,  that  is 
36  years  earlier,  obtained  from  one  of  them  a  culture  whose  virulence 
"although  not  completely  gone,  was,  nevertheless,  certainly  attenuated 
in  comparison  with  what  Polettini  had  observed." 

The  preservation  conditions  and  especially  the  temperature  in¬ 
fluence  the  vitality  of  the  germ  considerably.  Although  Lucet  (1898), 
Megnin  and  Mosny  (1891) ,  etc.  were  able  to  distribute  cultures  after 
a  more  or  less  long  period  of  preservation  at  37°*  this  temperature 
is  certainly  one  of  the  worst,  as  was  first  observed  by  Grancher  and 
Ledoujo-Lebard  (1889)  whose  "cultures  on  agar  35  days  old  and  pre¬ 
served  at  20°  are  fertile  and  virulent,  whereas  at  30°  under  the  same 
age  and  seeding  conditions  they  have  lost  their  fertility  and  their 
virulence  is  doubtful,  while  at  37°  they  have  lost  fertility  and  vi¬ 
rulence*®  Then  it  was  observed  by  Gate  and  Bila  (1928),  according  to 
whom  "strains  preserved  at  laboratory  temperature  stayed  alive  even 
after  more  than  one  month,  whereas  in  the  incubator  at  37°  the  microbe 
no  longer  grows  after  two  or  three  generations." 

What  we  have  said  about  the  Influence  of  the  culture  tempe¬ 
rature  on  vitality,  dissociation  and  virulence,  applies  likewise  to 
the  preservation  of  the  strains, 

Grancher  and  Ledoux-Lebard  (1889)  state,  in  addition,  that  "if 
the  lack  of  virulenoe  for  thei  rabbit  is  considered  as  a  sign  of  death. 
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it  may  be  said  that  at  30°  or  37°  cultures  on  gelose  live  from  four  to 
five  weeks*  At  20°  life  lasts  longer  and  we  have  not  yet  determined 
its  Unity* 

Ramon  (1914)  believes  that  cultures  in  bouillon  kept  in  the  re¬ 
frigerator  preserve  their  virulence  for  several  months,  Just  as 
Basset  (1946)  does  for  whan  preservation  in  deep  gelose  in  the  refri¬ 
gerator  keeps  the  vitality  and  virulence  intact  for  at  least  eighteen 
months!  We  Imow  that  in  fact,  under  these  conditions,  these  periods 
of  time  have  been  exceeded  by  far. 

According  to  K*  F.  Meyer  (1958) »  cultures  on  a  blood  culture 
medium  remain  alive  for  years. 

Personally,  we  consider  as  an  excellent  preservation  process 
the  use  of  formolated  serum  [See  Hote],  covered  with  liquid  petro¬ 
latum,  preserved,  after  seeding,  in  the  dark  and  at  a  constant  tempe¬ 
rature  not  exceeding  15°  to  200. 

( [Hote  i]  To  500  ml  of  horse  serum  add  one  cc  of  canmercial 
foxmol,  mix;  after  a  few  moments  of  contact,  add  one  cc  of  ammonia 
(at  22°  Baume)  to  neutralize  the  formaL-dehyde.  Increase  with  two 
parts  of  distilled  water  and  sterilize  for  fifteen  minutes  at  lioo. 

We  were  able  to  transplant  some  strains  preserved  under  these 
conditions  for  15  and  20  years,  and,  of  several  hundred  strains, 
we  newer  saw  any  lose  their  vitality  or,  appreciable,  their  virulence, 
taking  into  acoount  individual  variations  in  virulence  from  one 
strain  to  another*  It  appears  to  us  that  aging  does  not  alter  virulence 
very  appreciably,  in  as  much  as  we  were  able  to  establish  it  in  our 
oldest  strains*  On  the  other  hand,  repeated  transplantings  are  an 
obvious  cause  of  weakening  (Ravaglia,  1932;  Dujardin-Beaumetz,  1934; 
Percebois,  1961,  etc!).  Basset  (1946)  considers  that  annual  trans- 
plantings  do  not  weaken  virulence  for  at  least  five  years,  but  he 
admits,  nevertheless,  a  considerable  attenuation  toward  the  tenth 
year  and  advises,  with  Dujardin-Beaumetz,  Lignieres,  etc*  trans¬ 
planting  seme  strains  annually  in  guinea-pigs* 

Lyophilized  strains  remain  transplantable  for  years,  accorcU 
in  g  to  If!  F!  Meyer  (1958)  and  Knapp  (1959)*  This  process  seems  to 
Us,  however,  to  be  definitely  less  good  than  preservation  in  Truche's 
medium  or^in  gelose  in  the  butt  of  a  tube  inoculated  with  a  central 
injection!  It  appears,  but  this  is  still  only  an  impression,  that 
lyophilized  strains  undergo  a  rapid  deorease  in  their  sensitivity  to 
the  various  bacteriophages  used  for  an  eventual  lysotyping(P.Nlcolle, 
1962)!  On  the  whole,  the  conclusions  of  Heckly,  Anderson  and  Rocken- 
macher  (1958)  on  the  lyophilization  of  Tersin’s  bacillus  are  valid  for 
Malassez  and  Vignal*s  bacillus. 

In  practice,  we  use  conjointly  preservation  in  formolated  serum 
and  in  gelose  peptone  water  [See  Hote]  distributed  in  tubes  8  mm  in 
dlmitter  and  olosed  with  rubber  stoppers  to  avoid  desiccation  and  seeded 
by  central  injection!  The  small  amount  of  space  taken  up  by  this 
last-mentioned  material  facilitates  its  storage  in  the  refrigerator 
at  +4°c! 

([Hotel]  Vaillant  pepton,  10  g 
Liebig  extract,  5  g 
HaCI,  5  g 

Gelose,  10  g 

Plain  water,  1,000 
Adjust  at  pH  7.4  -  7.5 
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Parallelly  with  these  two  methods,  we  also  preserve  our  strains 
at  -25°C,  a  temperature  close  to  the  -23°C  recommended  by  Mead,  Wess- 
mann,  Higuchi  and  Surgalla  (1961)  for  Tersin*s  bacillus,  but  we  have 
not  yet  had  a  sufficiently  long  period  of  time  to  evaluate  this  pro¬ 
cedure. 

2.  Preservation  in  pathologic  products. 

The  persistence  of  the  germ  in  tissues  kept  at  a  low  tempera¬ 
ture  was  demonstrated  by  Moss  and  Battle  (1941)  who  successfully 
inoculated  guinea-pigs  with  macerations  of  pancreas  and  ganglions 
removed  frcm  a  man  who  had  died  of  septicemia  caused  by  Malassez  and 
Vignal,s  bacillus  and  preserved  in  the  refrigerator  at  40°  F  (or 
+4.4°C)  for  16  days. 

Knapp  (1959)  investigated  systematically  the  duration  of  per¬ 
sistence  of  the  germ  in  infected  organs  preserved  at  different  tem¬ 
peratures,  and  concluded  that  the  preservation  period  is  at  least  three 
months  at  +2°C,  from  ten  to  twenty  days  at  22°  C,  from  three  to  five 
days  at  37°  C  and  from  one  to  two  days  at  45°  C. 

We  also  have  observed  the  bacillus  retain  its  vitality  for  two 
months  at  +4°  C  in  organs  (especially  the  spleen  of  guinea-pigs  in¬ 
fected  experimentally  or  in  human  meseterie  ganglions). 

The  persistence  of  the  germ  in  the  stools  of  animals  Infected 
orally  Is  Irregular,  but  on  the  whole  much  shorter. 

3*  Preservation  of  the  germ  in  nature. 

The  preservation  of  the  germ  in  the  outside  environment  has 
not  been  confirmed  up  the  present  time  except  by  experiments  that 
are  at  least  very  unreliable,  since  the  determination  was  not  al¬ 
ways  made  by  inoculation  in  the  guinea-pig  and  never  directly  by  cul¬ 
ture.  Under  these  conditions,  the  appearance  of  Malassez  and  Vig- 
nal*s  bacillus  in  guinea-pigs  inoculated  with  earth  (Grancher  and 
Ledou*-Lebar,  1899).  air  collected  on  a  wad  of  cotton  (Chantemesse, 
I887),  milk  (Parietti,  1890;  Klein,  1900),  water  (Klein,  1889;  Fraenkel, 
1924),  fodder  (lign'eres,  1898),  liquid  manure  (Klein,  1889),  does  not 
in  any  way  enable  the  statement  to  be  made,  far  from  it,  that  the  germ 
was  really  present  in  the  inoculated  material. 

Nevertheless,  although  it  has  not  been  demonstrated,  the  pre¬ 
sence  of  the  bacillus  in  the  outside  environment  may  be  considered  as 
certain  (with  reservations,  however,  with  regard  to  the  length  of  its 
persistence,  its  little  resistance  to  light  and  desiccation),  and  it 
is  spread  by  the  stools  (Paul  and  Weltmann,  1934)  and  by  the  urine 
(Loray,  1911?  Bryner,  1906?  Dessy,  1925?  Flamm  and  Kovak,  1958)  of 
infected  animals  (Mollaret,  i960). 

Morris  (1958)  demonstrated  the  persistence  of  the  bacillus 
in  samples  of  artificially  contaminated  earth  or  straw.  We  also 
observed  that  Malassez  and  Vi goal* s  bacillus,  like  Tersin*s  bacillus, 
could  remain  alive  for  at  least  five  months  in  sterilized  earth,  that 
has  been  sufficiently  hydrated  and  preserved  at  roan  temperature. 

The  'Long  persistence  of  Malassez  and  Vignal's  bacillus  in  water 
must  be  a&nltted  by  virtue  of  the  epidemiological  consequences  that 
it  implies^  According  to  Cecarelli  (1950),  the  gem  can  resist  auto¬ 
lysis  for  95  days  in  distilled  water  at  37°»  We  confirmed  this  re¬ 
sult. 
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The  theraoresistance  of  Malasaez  and  7ignal's  bacillus  has  been 
various  evaluated,  according  to  the  writer.  Lucet  (1898)  has  the 
honor  of  being  the  first  to  have  insisted  on  its  weak  resistance  to 
heats  "This  microbe  does  not  stand  high  temperatures  well.  Thus, 
it  is  killed.  In  a  liquid  culture  medium,  after  staying  six  to  seven 
minutes  in  a  heated  to  55°  and,  in  the  dry  state,  fastened 

on  silk  threads,  after  having  been  subjected  for  two  hours  to  a  dry 
heat  of  60°,* 

For  Boemisch  (1921),  it  resists  for  thirty  minutes  at  45°  to 
50 0  and,  according  to  Zlatoguroff  (1904),  fifteen  minutes  at  570  and 
eight  minutes  at  60°  in  a  liquid  culture  medium.  Its  resistance  is 
greater  on  a  solid  culture  medium  on  which  it  is  probably  not  killed 
until  after  one  hour  and  thirty  minutes  at  60°. 

Host  of  the  authors  studied  its  resistance  at  60°  C,  but  they 
give  results  that  are  particularly  discordant.  Destruction  at  this 
temperature  is  probably  accomplished  in  one  minute  ,  according 
to  T*Hoen  (1902) ,  eight  minutes  for  Zlatogorof  (1904) ,  ten  minutes  for 
Cecarelli  (1950),  Wilson  and  Miles  (1955),  Bergey  (1957),  thirty 
minutes  for  Salsawa  (1915)  and  Dujardin-Beaumets  (1934),  sixty  minutes 
for  Binato  and  Corrado  (I960).  Saehdeva,  lalra  and  Taneja  (1956)  suc¬ 
ceeded  In  sterilising  cultures  only  after  halting  for  two  hours  at 
60°,  and,  according  to  K.  F.  Meyer  (1956),  saline  suspensions  are 
probably  not  uniformly  destroyed  after  heating  far  three  hoars  at 
600;  According  to  Pfeiffer  (1689),  Delbanco  (1896)  and  Poppa  (1928), 
heating  i„*  one  hour  at  60°  produces  the  loss  of  its  virulence  with¬ 
out  altering  its  vitality,  and  heating  for  two  hours  is  necessary  to 
oaaae  death  at  this  temperature,  results  that  agree  with  Knapp* s 
(1959) »  according  to  whom  culture  suspensions  in  physiological  water 
are  not  destroyed  each  time  by  heating  for  180  minutes  at  $0o-60°  and 
msy  still  yield  a  slow,  discontinuous  culture 1  heating  for  one  hour 
at  55°-60°,  on  the  other  hand,  destroys  all  the  germs. 

Aeoordlng  to  Messersohmidt  and  Keller  (1914),  their  resistance 
is  probably  ten  minutes  at  660,  and  one  minute  at  70°,  according,  to 
Ceoarelli  (1950). 

For  Lignieres  (1898),  Malasses  and  Vignal's  bacillus  resists 
for  ten  minutes  at  740-75°  and  dies  at  84°-85°.  According  to  Sabin 
(1953)  and  Binato  and  Corrado  (I960),  it  probably  resists  ten  minhtes 
at  60°-80°^  Ibis  last  temperature  is  probably  endured  for  three 
aimtes,  aooardSng  to  Troche  (1938).  According  to  K.  F.  Meyer  (1958) 
and  aeoordlng  to  Knapp  (1959),  the  bacillus  is  killed  in  five  to  ten 
minutes  at  70MJ0®. 

Tottire-Ippoliti  (1916),  who  considers  the  germ  to  be  very 
Itorijtaat,  believes  that  damp  heat  (steam)  kills  it  in  thirty  minutes 
and  that  it  may  resist  forty-five  mimtes  at  600-65°,  ten  minutes  at 
80°,  erne  to  three  minutes  at  100°  and  is  probably  destroyed  only  after 
fifteen  minutes  at  80°  and  five  minutes  at  100°.  The  action  of  damp 
heat  was  also  studied  ty  Troche  and  Bauchs  (1929),  aeoordlng  to  whom 
"it  resists  damp  heat  for  thirty  to  forty  seconds  at  a  temperature 
of  60°|  at  800  it  Is  killed  in  ten  minutes,  whereas  it  resists  for 
three  to  five  minutes  at  the  same  temperature*  (sie). 

At  1000  heat  tills  it  in  tea  minutes,  according  to  De  Bias! 


(1908)  and  In  thirty  to  forty  seconds,  according  lo  3'-.  (1933)  • 

Non®  of  these  writers,  unfortunately,  specified  the  experiment 
conditions,  especially  the  density  of  the  cultures  used  or  if  heating 
was  accomplished  with  or  without  stirring  or  shaking. 

Knapp  (1959)  pointed  out  the  part  played  by  the  experineriv,! 
conditions  and  the  lack  of  uniformity  of  resistance  of  the  various 
strains*  Of  ten  strains  whose  thermoresistance  was  studied  partly 
on  suspensions  in  milk,  partly  on  cotton  threads  impregnated  with 
dried  culture,  only  two  were  killed  after  exposure  to  60c  for  sixty 
minutes  and  all  of  than  resisted  one  minute  at  70°-7^u  and  f  if  tee.:, 
seconds  at  85c*  Only  one  to  three  strains  were  killed  in  one  to  two 
minutes  at  85°* 

On  the  whole,  the  thermoresistance  of  Malassea  and  Vignal*s 
bacillus  is  we  ale  and  it  must  not  be  forgotten  that  the  simple  trans¬ 
planting  of  cultures  from  22°  to  37°  is  always  accompanied  by  a 
high  mortality,  as  Preston  and  Maitland  (1952)  have  observed. 

b*  Resistance  to  cold* 

Pfeiffer  (1889)  reported  that  a  period  of  seven  hours  at 
-9°  or  two  hours  at  -16°  did  not  alter  either  the  vitality  or  the 
virulence  of  the  germ.  We  learned,  later,  that  low  temperatures, 
far  from  being  detrimental  to  its  preservation,  constitute,  on  the 
contrary,  one  of  the  best  ways  to  ensure  it.  The  experiments  that 
we  performed  at  -15°C  and  -25°  C  have  so  far  given  us  excellent 
results. 

c.  AftUor.  of  sunlight. 

Malassez  and  Vignal*s  bacillus  rssits  its  action  poorly  (De 
Elasi,  1908;  Saisawa,  1913J  Poppe,  1928;  Du jardin-Beuumetz ,  1934; 
Lesbouyries,  1941).  According  to  De  Blast,  it  is  killed  by  an  ex¬ 
posure  of  four  to  six  hours  to  diffuse  light.  For  Saisawa,  a  culture 
mounted  on  a  slide  is  destroyed  in  thirty  minutes  by  direct  light; 
it  resists  eight  hours  in  diffuse  light,  and  twenty-four  hours  "in 
room  light.*  Poppe  confirmed  the  destruction  of  dried  germs  In  thirty 
minutes  of  exposure  to  the  sun. 

d.  Action  of  desiccation. 

Defalcation  is  also  mortal  (Delbar.co,  1896;  Sa'  saw  a,  1913; 
Poppe,  1928;  Dujcxdiu-Beaumetz,  1934).  When  the  germs  %re  placed 
in  a  desiccator,  they  are  killed  in  five  hours,  according  to  Sal- 
saw?  and  forty-eight  hours  for  Poppe  and  for  Pfeiffer. 


Sublimate;  1  part  in  1,000  of  sublimate  kills  Malassez  and 
Vignal*s  bacillus  "almost  instantaneously*,  according  to  Dujardin- 
BeaumeU  (1934),  in  one  minute,  according  to  Cec*rslli  (1950),  in 
fifteen  to  thirty  seconds,  according  to  Tctirc-Ippoliti  (1916) 
Lesbouyries  (1941),  in  fifteen  to  thirty  minutes,  according  to 
(1938).  O.'Ol  parts  in  1,000  of  sublimate  kill  it  in  two  hours  (K.  F. 
Meyer,  1958)* 

According  to  Knapp  (1959),  concentrations  of  1  part  in  100, 


and 

Truohe 


0.1  part  la  100,  0.01  part  in  100  and  0.001  part  in  100  kill  it 
in  the  following  tines,  respectively!  Immediately,  thirty  seconds, 
one-half  to  five  minutes  and  120  minutes. 

Cyfreiie  frsMi  According  to  Saisawa  (1913),  Malassez  and 
7ignal,s  haoillus  is  killed  in  five  minutes  by  phenol,  1  part  in  100, 
and  in  less  than  tso  minutes  by  phenol  in  a  concentration  of  2  parts 
in  100.  According  to  K.  F.  Meyer,  the  action  of  phenol,  1  part  in 
100,  is  probably  slower,  requiring  five  to  thirty  minutes.  Phenol, 

3  parts  in  100,  destroys  the  germ  in  two  minutes,  according  to  Ce- 
oarelli. 

With  a  concentration  of  phenol  5  parts  in  100,  death  probably 
dees  not  occur  for  five  to  ten  minutes,  according  to  Truche  (1938) 
and  Lesbcnyries  (1941). 

The  figures  given  by  Totire-Ippoliti  (more  than  one  hour*s  re¬ 
sistance  In  a  1  part  In  100  solution  and  five  to  ten  minutes  in  a  1 
part  in  500.  solution) ,  cannot  be  retained,  due  to  the  technique  used 
ty  this  writer. 

According  to  Knapp,  phenol  in  concentrations  of  0.25  part 
in  100,  0*5  part  in  100,  1  part  in  100,  2  parts  in  100  and  5  parts 
in  100  probably  destroys  the  germ  respectively  in  three  to  twenty- 
four  hours,  ninety  to  one  hundred  twenty  minutes,  five  to  thirty 
minutes,  one-half  to  two  minutes  and,  finally,  in  thirty  seconds. 

aHifwyln  aclAi  The  gen  is  killed  in  twenty  minutes  by  srL. 
furic  add,  3  parts  in  100  (Ceearelli). 

feraaldehydei  H classes  and  Vignal's  bacillus  is  probably 
destroyed  In  cm  honor  by  formaldehyde,  *  parts  in  1,000  (Truths 
and  Bauchs,  1928|  Truths,  1938i  Leabouyriee,  19*1). 
s  Individual  differences  in  the  sensitivity  of  the  strains  were 

pointed  out  hr  Hnatko  and  Rodin  (1962),  one  of  whose  strains  was 

tjy  formaldehyde  in  a  concentration  of  1  part  in  100  and  another 
one  resisted  It. 

According  to  Knapp,  the  gen  ia  probably  destroyed  In  thirty 
seconds  ty  formaldehyde,  5  parts  in  100,  in  five  to  ten  minutes  by 
formaldehyde,  0.5  pert  in  100  and  1  and  2  parts  in  100,  in  ten  to 
twenty  by  formaldehyde,  0.25  part  in  100  and  in  thirty  minutes 

to  one  hour  by  formaldehyde,  0.1  pert  in  100. 

Alooholi  Alcohol,  *0  ports  in  100,  destroys  the  bacillus  in- 
medlatsly,  according  to  Saisawa,  and  alcohol,  60  parts  in  100,  kills 
it  in  to  five  minutes,  according  to  K.F.  Moyer.  According 

to  Knapp,  the  destruction  time  is  half  a  minute  for  aleohol  e  con¬ 
centration  of  96  and  75  parts  in  100,  one-half  to  five  minutes  for  aL- 
ochol,  65  parts  in  100,  and  fifteen  to  thirty  minutes  for  sleohol, 

*0  and  $0  parts  in  100. 


Stiver  nitrate i  Silver  nitrate,  0.001  part  In  100,  kills  the 

according  to  K.  F.  Meyer,  a  time  that  ia  con¬ 
firmed  ty  Knapp  who  obtained  the  1— srilita  death  of  the  gem  with  u 
concentration  of  1  part  in  100,  in  one  half  to  five  minutes  with  a 
concentration  of  0.1  part  in  100,  in  sixty  to  one  hundred  twenty  mi¬ 
nutes  with  a  concentration  of  0.01  part  in  100  and  in  one  hundred 
twenty  minutes  with  a  concentration  of  0.001  ports  in  100. 
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Iron  sulfate  and  copper  sulfate;  Both  destrc.,  :j.e  L-tern  ir  ;ne 
hour  in  concentrations  of  3  to  5  parts  in  100  (Troche  and  Bauohe; 
Lesbouyries;  Truche). 

CTrotropin*  Urotropin,  10  parts  in  100,  kills  the  germ  in 
twelve  hours  (Cecarelli ) . 

Soda*  Soda,  4  parts  in  100,  destroys  it  in  one  hour  (Ce- 
carelliTI 

Dyes*  According  to  Brigham  and  Rettger  (1935).  growth  is  in¬ 
hibited  by  methylene  blue,  1  part  in  300.000,  thinnine  and  crystal 
violet,  1  part  in  100,000,  and  brilliant  green,  1  part  in  1,000,000, 
The  slight  sensitivity  of  Tersin’s  bacillus  and  Malassez  and  Vignal’s 
bacillus  to  gentian  violet  is  the  basis  of  Meyer  and  Batchelder's 
(1926)  culture  medium. 

6.  Cultures  in  "hostile"  salt  or  bile  mediums. 


Sodium  chloride:  The  addition  of  sodium  chloride  to  a  culture 
medium  produces  a  slowing  c  a  cessation  of  growth  starting  with  a 
certain  concer tration  along  with  the  appearance  of  involution  f  rms. 

The  concentration  limit  that  is  compatible  with  cultivation 
varies  according  to  the  authors*  2  to  3  parts  in  100,  according  tc 
Saisawa  (1913),  6  to  10  parts  in  100,  according  to  Skorodunof  and 
Sonorovitch  (1926),  8  parts  in  100,  according  to  Boncinelii  and  Aradas 
(1932),  30  to  40  parts  in  100,  according  to  Percebois  (1916),  etc. 

In  fact,  two  points  are  to  be  considered*  the  nature  of  the 
medium  and  the  incubation  temperature.  Indeed,  it  seems  that  the 
tolerance  for  sodium  chloride,  on  the  one  hand,  is  slightly  greater 
in  liquid  culture  mediums  than  in  solid  mediums  (thus,  according 
to  anirnova,  1928,  the  inhibitive  concentration  is  probably  3  parts 
in  100  in  gelose  and  4  parts  in  100  in  bouillon),  and  that,  on  the 
other  hand,  a  given  concentration  is  better  tolerated  at  22=>  than 
at  37°»  Thu3,  according  to  Knapp  (1959),  a  culture  in  salt  bouillon, 

3  or  4  parts  in  100,  is  possible  at  22°,  whereas  it  is  meager  cr  absent 
at  37°. 

In  bouillon,  the  involution  forms,  a  club  or  filament  aspect 
or  thick  forms  that  are  faintly  and  unevenly  Arable,  appear  as  soon 
as  the  sodium  chloride  concentration  reaches  2  parts  in  100.  They 
are  more  frequent  at  3  parts  in  100  and  dominant  at  4  parts  in  100 
(Saisawa,  1913?  Skorodumof  and  Samorcvitoh,  1926;  P.  Boquet,  1937? 
Topping  and  colleagues,  1938;  Moss  and  Battle,  1941). 

On  salt  gelose,  2  parts  in  100,  Saisawa  (1913)  obtained 
only  a  meager  culture,  while  no  culture  appeared  after  three  days  on 
gelose,  3  ports  in  100,  On  the  same  culture  medium,  RavagH.t(1932) 
obtained  a  good  culture,  rich  in  filamentous  forms  and  emulsifying 
poorly  in  physiological  water.  Knapp  (1959),  when  he  oil  tinted 
twenty  strains  on  salt  gelose,  2  parts  in  100,  did  rot  observe  any 
modifications  in  the  cultures  or  any  involution  ferns  at  22°,  while 
at  37°  fourteen  of  the  strains  displayed  a  definite  slowing  of  their 
development  with  a  preponderance  long  filamentous  ferms.  These  in¬ 
volution  forms  were  more  frequent  on  salt  gelose,  3  parts  ir  100, 
and  no  strain  developed  on  gelose,  4  parts  in  100. 

According  to  P,  Boquet  (1937).  the  filamentous  elements  de- 
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velop  more  readily  at  37°  on  salt  gelose,  3  parts  in  100,  whereas  a 
higher  concentration  (5  parts  in  100)  probably  favors  the  appearance 
of  globose  yeast-form  elements, 

A  number  of  writers  believed  that  they  were  able  to  differen¬ 
tiate  Malassez  and  Signal's  bacillus  and  Ter  sin’s  bacillus  according 
to  their  uneven  capability  for  growing  in  hyerps aline  mediums  (Sai- 
sava,  1913l  Skorodumof  and  Scmorovitoh,  1926 5  Dieudeonne  and  Otto, 

1928i  Haas,  1938|  Pollitzer,  1954),  but  their  opinions  differ  as  to 
the  results  and  as  to  the  concentration  required.  Thus,  a  concentra¬ 
tion  of  6  to  10  parts  in  100  probably  inhibits  the  cultivation  of 
Malassez  and  Vign&l’s  bacillus,  according  to  Skorodumof  and  Scmoro- 
vitch,  whereas,  according  to  Boncinelli  and  Aradas  (1933),  gelose  in 
a  concentration  of  8  parts  in  100  probably  permits  the  cultivation  of 
Malassez  and  Vignal’s  bacillus  and  not  of  Tersin’s  bacillus.  Accord¬ 
ing  to  1C  IT  Smirnova  (1928),  neither  of  the  two  germs  tolerates  a 
higher  concentration  than  4  parts  in  100  in  bouillon  and  3  parts  in 
100  in  gelose,  and  this  test  would  not  enable  any  conclusion  to  be 
drawn  i' 

The  appearance  of  involution  forms  in  one  or  the  other  of  these 
gems  on  hypersaline  gelose  has  also  been  invoked  to  differentiate 
than.  According  to  Hankin  and  Leumann  (1897),  salt  gelose,  3  parts 
in  100,  produces  the  appearance  of  involution  forms  only  in  Ter sin’s 
bacillnst  Galli- Valerio  (1903),  Wadsworth  and  colleagues  (194?)  con¬ 
firmed  this  difference,  whereas,  for  HacConkey  (1908),  the  involution 
forms  are  probably  not  any  more  frequent  in  one  of  the  gems  than  in 
the  other. 

These  statements  on  the  specificity  of  the  involutional  forms  of 
Tersin's  bacillus  on  salt  gelose,  3  parts  in  100,  in  comparison  with 
the  involutional  farms  of  Malassez  and  Vignal’s  bacillus,  were  supported 
only  insufficiently  by  Pollitzer  (1954).  nevertheless,  when  it  is 
cultivated  on  gelose,  3  parts  in  100,  Malassez  and  Vignal’s  bacillus 
probably  presents  a  morphology  that  is  different  from  the  morphology 
of  Tarsias*  bacillus  under  the  same  conditions.  Thus,  Topping  and  col¬ 
leagues  (1938),  when  they  used  this  technique  with  their  strains  of 
Malassez  and  Vignal’s  bacillus  of  human  origin,  observed  involution 
forms  that  looked  •like  ordinarily  long,  slender,  slightly  incnrvate 
rods  or  average-sized  rods  gathered  in  bundles  with  an  appearance 
resembling  that  of  diphtheritic  bacilli;  alongside  of  these  non- 
characteristic  forms,  round,  voluminous  foms,  with  a  colored  peri¬ 
phery  and  resembling  the  balloon-shaped  elements  produced  by  P,  pestis 
in  2fr  hours  on  gelose  with  a  3  parts  in  100  concentration  of  sodium 
chloride,  were,  on  the  other  hand,  more  rare."  According  to  Devignat 
(195*0,  the  difference  is  uncertain!  "P.  pestis  develops,  on  gelose 
with  a  concentration  of  3  parts  in  100  of  sodium  chloride,  classic 
involution  foms  that  have  the  general  appearance  of  an  irregular 
sphere  bristling  with  roughness  and  pitted  with  vacuoles.  Under  the 
same  conditions,  P,  Toeeudotuberculosis  does  not  yield  any  foms  that 
are  more  or  less  spherical  but,  rather,  elongated  elements,  at  times 
lncurvate  like  a  comma.  Moreover,  it  seems,  as  Zlatogorof  confirmed 
for  the  first  time  and  as  has  been  confirmed  by  other  observers 
(Pollitzer) ,  that  the  involutional  foms  of  plague  bacilli  on  salt 
gelose,  3  parts  in  100,  already  appear  in  24  hours,  much  more  rapidly 
than  with  other  species." 

In  a  general  way,  these  criteria  rest  only  on  shades  of  dif- 


ference  and  neither  the  inhibition  of  the  growth  of  either  of  these 
germs  in  hypersaline  culture  mediums,  nor  the  morphological  differences 
on  these  same  mediums  have  the  value  that  was  initially  assigned  to 
them* 


Action  of  bile*  According  to  certain  authors  (Knapp,  1959), 
the  cessation  of  multiplication  or  even  the  lysis  of  Malassez  and 
Vignal*s  bacillus  in  culture  mediums  containing  25  to  50  parts  in  100 
of  bile  had  probably  been  observed  bj  Cernaianu  (1928).  In  fact, 
Cernaianra,  although  he  was  speaking  of  "all  the  Pasteurelia*.  seems 
indeed,  to  have  had  in  mind  only  P.  aultoclda. 

P#  Boquet  (1937),  Truche  (1938)  obtained  no  modification 
of  culture  in  bouillon  by  adding  6  parts  in  100  of  ox  bixe,  but  they 
obtained  a  slowing  of  the  growth  with  a  concentration  of  30  parts  in 
100. 

According  to  Decouze  (193*0*  the  addition  of  bile  to  culture 
mediums  inhibits  cultivation  without  altering  the  vitality  of  the  germ 
that  remains  transplantable,  a  result  confirmed  by  Knapp  (1959)  wh., 
although  he  did  not  observe  any  growth  after  four  weeks  of  cultivation 
at  37°  in  mediums  containing  50  parts  in  100  of  bile,  did  not  observe 
any  numerical  reduction  in  the  germs  that  had  been  seeded. 

F.  Kaufkann  (1933)#  while  studying  comparatively  the  behavior 
of  Malassez  and  Vignal*s  bacillus,  of  Ter sin* s  bacillus  and  of  P. 
septica  in  bile  and  salt  culture  mediums,  did  not  observe  any  culti¬ 
vation  inhibition  except  in  the  last-mentioned  of  these  gems.  These 
results  are  close  to  the  results  of  Wilson  and  Miles  (1955)  for  whom 
Malassez  and  7ignal*s  bacillus  and  Tarsia* s  bacillus  give,  in  bile 
or  salt  mediums,  liquid  or  solid,  unsuitable  for  the  growth  of  P. 
septica.  a  slight  but  definite  culture  that  disappears  in  two  or 
three  days  by  autolysis. 

Therefore,  bile  culture  mediums  are  of  no  interest  in  differ¬ 
entiating  Malassez  and  Vignal*s  bacillus  frcm  Tersin*s  bacillus 
(Pollitzer,  195*0. 

Action  of  sodium  rlcinoleatet  Its  action  was  studied  by  Relmann 
and  Rose  (1932)  who  observed  a  clarification  of  suspensions  in  phy¬ 
siological  water  up  to  a  dilution  of  1  part  in  1,600.  According  to 
these  writers,  Spencer  demonstrated  that  suspensions  of  Yer&ia*s 
bacillus  and  of  P.  tularensis  were  completely  clarified  with  1./200 
to  1/800  dilutions*  suspensions  of  Malassez  and  Vignal*s  bacillus 
were  partially  clarified  with  a  1/25,600  dilution  and  completely  clari¬ 
fied  with  a  1/800  dilution. 

7.  Sensitivity  to  bacteriophage. 

Setting  aside  the  theoretical  problems  raised  by  bacterio¬ 
phages  of  Ier3in*s  and  Malassez  and  Vignai’s  bacilli,  we  shall  take 
up  here  only  their  practical  utilization. 

According  to  Sugino  (1932),  Advier  (1933),  Bezsonova  and  col¬ 
leagues  (1938)#  Tumansly  and  Yastchuk  (1938),  plague  bacteriophage 
is  strictly  specific  to  Tersin’s  bacillus.  It  probably  does  net 
produce  any  lysis  of  Malassez  and  Vignal's  bacillus  and  it  constitutes, 
therefore,  a  convenient  and  sure  method  of  differentiation. 

The  first  limitation  on  this  specificity  was  made  by  P.  C.  Flu 
(1927)  who  demonstrated  that  plague  bacteriophage  was  also  capable  of 
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fyrtng  Bgeh*ricida  coll.  The  opposite  va s  demonstrated  by  Girard  and 
Wollmann  (1943)  who  established  the  sensitivity  of  Tar sin* a  bacillus 
to  eartain  dysenteric  bacteriophages .  Lazarus  and  Gunnison  (1947)  ex- 
tandad  tha  lytic  action  of  plague  bactariophaga  to  tha  Salmonelleae, 
D'Herelle  (1933) »  than  Girard  (1942  and  1943),  observed  that  plagua 
bactariophaga  could  display  tha  Sana  Inhibitory  power  with  ragard  to 
eartain  strains  of  Malassez  and  Vignal's  bacillus  as  its  specific 
bacteriophages#  Devi gnat  (1954)  also  obtained,  ty  using  Girard* r 
plagua  bactariophaga,  a  lysis  of  Malassez  and  Vignal's  bacillus, 
that  at  first  was  slow  and  incomplete,  than  rapid,  after  subjecting 
this  gam  to  plagua  bacteriophage. 

These  results  ware  confirmed  by  Lazarus  and  Gunnison  (194?) 
who  obtained  the  lysis  of  19  to  27  strains  of  Malassez  and  Vignal's 
bacillus  by  a  plague  bacteriophage,  followed  by  the  lysis  of  all  their 
strains  after  adaptation,  and,  tha  following  year,  by  Gunnison  and 
Lazarus  (1946)  who  extended  these  results  to  40  strains  of  Malassez 
and  Vignal's  bacillus# 

Under  these  conditions,  discrimination  between  Malassez  and 
Vignal's  bacillus  and  Tersin*s  bacillus  by  means  of  bacteriophage 
seemed  to  be  impossible  in  practice,  in  spite  of  the  reservations  of 
P#  C7  Flu  and  Hi  Jin  (19*^4-1945),  but  later  studies  by  Gunnison  (1950), 
Gunnison#  Shevky,  Zion  and  Abbott  (1951)  and  of  Gunnison,  Larson  and 
Lazarus  (1951)  showed  that  by  working  at  20°  and  by  using  a  bacterio¬ 
phage  solution  ten  times  stronger  than  the  one  that  induces  a  confluent 
lysis  ("critical  testing  dilution:),  it  was  then  possible  to  differen. 
tiate  the  two  germs i 

Cavanaugh  and  Quan  (1953)  proposed  an  easy  diagnostic  tech¬ 
nique  by  using  dried  or  lyophilized  strips  of  filter  paper  preserved 
in  sealed  tubes  under  nitrogen  after  impregnation  with  plague  bactiero- 
phage#  The  application  of  one  of  these  strips  on  a  young  culture  of 
Tersln9s  bacillus  on  blood  gelose  Incubated  at  20OC  produces,  after 
IS  to  24  hours,  a  1  mm  lysis  area,  whereas,  under  the  same  conditions, 
no  lysis  is  produced  on  cultures  of  Malassez  and  Vignal*s  bacillus. 

Ul*Janova  (1961)  obtained  lysis  by  means  of  specific  bacterio¬ 
phage  of  37  strains  of  Malassez  and  Vignal's  bacillus  isolated  by  her 
firam  1955  to  1959#  while  two  were  lysed  by  plague  bacteriophage.  In 
the  same  year,  Plarikina  and  Ogneva  (1961)  observed  a  similar  sensiti¬ 
vity  to  plague  bacteriophage  in  five  strains  of  Malassez  and  Vignal's 
bacilli  that  came  from  marmots,  while  the  bacteriophages  isolated 
from  four  of  these'  strains  revealed  themselves  as  active  only  on  Malas¬ 
sez  and  Vignal's  bacillus  and  on  the  only  arirulent  strains  of  Ter- 
sin*s  bacillus# 

Knapp  (1962),  when  he  used  one  of  G.  Girard's  bacteriophages 
that  had  never  been  in  contact  with  Tersin's  bacillus,  concluded  that 
it  had  a  high  specificity  with  regard  to  Malassez  and  Vignal's  ba¬ 
cillus  and  he  saw  in  it  a  supplementary  diagnostic  element  for  this  ba¬ 
cillus,  drawing  up,  however,  limitations  on  its  use  in  an  area  of 
plague  endaray#  limitations  that  are  added  to  the  ones  formulated  by 
G#  Girard  as  early  as  1942. 

The  various  serotypes  of  Malassez  and  Vignal's  bacillus 
seem  to  present  appreciable  differences  in  their  sensitivity  to 
bacteriophage.  Knapp  (1962)  observed  that  the  confluent  lysis  obtained 
on  strains  of  types  I,  EC,  HI  and  V  is  not  found  in  strains  of  type  IV 
that  display  only  some  isolated  lysis  areas.  On  the  other  hand, 
strains  of  types  I,  EC,  IV  and  V  are  little  sensitive  to  baeterloph&ge 
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suspensions  multiplied  on  type  in  strains*  These  observations  are 
added  to  the  ones  made  by  D*?ignat  in  195^  with  the  same  bacterio¬ 
phage  t  ■The  process  of  calculating  the  number  of  lysed  areas  brings 
to  light  a  quantitative  difference  between  the  three  varieties  of  P. 
pestjs  on  the  one  hand  and  the  species  P«  pseudotuberculosis  on  the 
other  hand*’  Moreover,  it  results  once  more  from  the  variable  sensiti¬ 
vity  tc  the  same  bacteriophage  that  the  genus  P«  pseudotuberculosis  is 
much  less  homogeneous  than  the  genus  Pt  pestis.*  We  made  the  same 
observation  in  a  liquid  medium  (see  below) . 

Frau  a  practical  point  of  view,  the  utilization  of  bacterio¬ 
phage  is  a  supplementary  diagnostic  element*  If  two  tubes  of  peptone 
water  or  of  bouillon  are  seeded  simultaneously  with  a  culture  of  Malassez 
and  Vignal*s  bacillus  and  if  one  drop  of  bacteriophage  suspension  is 
added  to  only  one  of  them,  it  is  possible  to  see  in  this  last  tube, 
after  the  appearance  of  a  cloudiness  that  is  always  more  precocious 
than  in  the  control  tube,  a  rapid  clarification  that  lasts  a  more  or 
less  long  time.  The  time  of  appearance  of  the  secondary  cultures 
varies  with  the  serological  type  of  the  strain  used,  wneroas  with 
type  I,  n,  m  and  V  strains  the  secondary  cultures  do  not  usually 
appear  before  the  second,  often  the  fifth  or  eighth  day  and  even  are 
completely  lacking  at  times.  The  clarification  observed  in  type  IV 
cultures  is  often  incomplete,  and,  especially,  much  shorter  lasting* 

The  secondary  cultures  appear  commencing  with  the  eighth  hour. 

Aside  from  this  difference,  the  617  strains  in  our  collection 
all  were  revealed  as  sensitive  to  bacteriophage  in  a  liquid  culture 
medium,  regardless  of  whether  it  was  a  question  of  Girard's  "Yersin” 
phage,  of  Flu's  "C"  phage  or  of  Girard's  "PST"  phage.  These  same 
bacteriophages  produce  a  strictly  analogous  lysis  on  every  strain  of 
le rain's  bacillus  that  we  used*  This  elementary  technique,  there¬ 
fore,  can  be  used  only  outside  of  every  of  plague  endemy*  Aside  from 
this  limitation,  it  constitutes  a  rapid  and  sure  diagnostic  method* 
Although#  also  according  to  Girard  (1953)#  the  lysis  of  both 
germs,  regardless  of  the  bacteriophage  used,  has  nothing  specific 
about  it,  an  indication  may,  nevertheless,  be  provided  by  the  fact 
that  the  secondary  culture  always  appears  more  rapidly  in  the  tubes 
that  have  received  heterologous  bacteriophage. 

The  choice  of  a  liquid  culture  medium  for  performing  this  test 
is  not  Immaterial*  As  A,  Chevalier  has  observed,  secondary. cultures 
always  appear  later  in  bouillon  than  in  peptone  water,  with  the  dif¬ 
ference  between  the  two  being  able  to  be  as  great  as  several  days. 

On  the  other  hand,  depending  on  whether  the  bacteriophage  suspension 
canes  from  a  filtrate  of  a  culture  in  bouillon  or  in  peptone  water, 
the  lysis  obtained  will  likewise  be  of  uneven  duration*  Secondary 
cultures  always  appear  later  when  the  bacteriophage  canes  from  a 
culture  in  bouillon,'  Therefore,  in  practice  it  would  be  better  to  use 
this  last>mentioned  medium  systematically,  both  for  making  the  test 
and  for  multiplying  bacteriophage,  since  the  combination  of  both 
factors  make  the  often  incomplete  and  always  transitory  lysis  more 
apparent  in  the  case  of  -type  17  strains. 

The  influence  of  the  medium  used  to  multiply  bacteriophage  on 
the  more  or  less  long  duration  of  the  lysis  that  it  produces  must  be 
distinguished  from  the  influence  of  the  medium  on  the  power  of  this 
bacteriophage  itself,  A  culture  filtrate  in  bouillon  in  a  10-^  dilution 
will  have  the  same  activity  as  a  culture  filtrate  in  peptone  water  in  a 
10-o  dilution; 
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Finally, we  can  extract  the  following  results  from  a  study  cur¬ 
rently  being  conducted  in  collaboration  with  P.  Hicolle  and  G.  Brault: 

A*  Investigation  of  the  lysoeeaesls  of  strains  of  Malassez 
and  71gnal,s  pacjJU.ua> 


When  test  strains  endowed  with  a  very  broad  sensitivity  to 
numerous  bacteriophages  (S.  tarohi  lysotype  A,  subtype  Tananarive,  S. 
wratarghi  B  lysotype  1,  B.  coli  K  12  S,  B,  coll  36,  B.  coll  Lisboime, 

Si’  eoll  Bordet.  Shty«il.a  paradyaanterlae  16  R.  numerous  strains  of 

**  gallinarum.  Malassez  and  Vignal*s  bacillus,  etc.) 
are  used,  tne  results  have  JL.;oys  been  negative,  1**  agreement  with  the 
results  that  have  already  been  published  in  this  field. 

B.  Determination  of  the  spectrum  of  sensitivity  of  Malassez 
and  Vlgnal  strains  to  bacteriophages i 

at  Experiments  on  25  March  195®  *  Twenty-four  Coliphages  frem 
the  collection  in  the  Bacteriophage  Service,  tested  on  15  strains  of 
Malassez  and  Signal's  bacillus,  allowed  us  to  observe  a  great  diver¬ 
sity  of  lytic  reactions  consisting  of  six  different  images i 


Image  Is  strains  4-1  and  19-1  [See  Note] 

Dnage  2s  strain  21-1 

linage  3s  strains  35-1.  66-11,  82-n,  3-HI,  ?8-V,  83-HI 
and  91-V 

linage  4s  strain  46-HI 

linage  5*  strain  7 5-V 

Image  6s  strains  32-1*  190,  II  and  210-1 


(OHotes]  The  Arabic  numerals  correspond  to  the  numbers  of  the 
strains  in  our  collection  and  the  Roman  namerals  indicate  their  sero¬ 
logical  iypel) 

b.  Second  experiment  (5  December  1961)  s  Eighteen  strains  of 
Malassez  and  Vlgnal*s  bacillus  were  tested  with  5  phages  taken  from 
drain-water  and  multiplied  on  the  following  Malassez  and  Vignal  strains  s 
114-1,  233-1,  234-1,  276-1  and  412-1. 

There  again  a  certain  diversity  in  the  reactions  was  observed, 
permitting  the  18  strains  to  be  divided  into  three  lytic  groups. 

The  first  lytio  group  includes  only  type  m  strains i  (strains 

3 -m,  149-m,  2zwn,  452-m,  453-m,  454-m). 

The  seoond  group  includes  7  strains  of  type  m  (50-III, 

83-m,  122-3U,  123-m,  150-m,  l62-HI,l65-m),  1  strain  of  type 
IV  (298-IV)  and  1  strain  of  type  V  (52-V). 

The  third  group  comprises  only  type  IV  strains  (51-IV,  95-17, 


151~IV), 

In  conclusion,  by  using  5  phages  taken  from  drain-water,  three 
lytic  groups  were  obtained.  The  first  and  the  third  are  antlgenically 
homogeneous,  since  all  the  strains  of  one  belong  to  type  in  and  all 
the  strains  of  the  other  to  type  IV.  The  second  group,  on  the  contrary, 
includes  a  majority  of  type  HI  strains  and  a  minority  of  strains  of 
types  IV  and  'u 

As  a  result  of  these  faets.  type  HI  can  be  subdivided  into 
2  lysotypes  (lytio  groups  1  and  2)  and  type  IV  also  in  2  lysotypes 
(lytic  groups  2  and  3)* 
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c.  Third  experiment  (11  July  1962):  13  phages  were  used,  8  of 
which  came  from  draisv-vater  and  4  were  preparations  adapted  from  phage  1 
of  the  complimentary  lysotyping  of  lysotype  A  of  S.  trahi  (Hicolle, 
Pavlatou  and  W.verneau,s  lethod,  1953.  competed  by  Hicolle,  Diverneau 
and  Brault,  1958  (Pi  Hicolle,  G,  Diverneau  and  J.  Brault,  Bull.  Res, 
Council  Israel.  1958,  ZL.  89-100). 

'These  phages  were  tested  on  27  strains  of  Malassez  and  Vignal*s 
bacillus,  5  of  which  were  type  I,  6  type  II,  8  type  m,  4  type  IV, 

1  type  V  and  3  of  an  undetermined  type. 

The  results  of  this  experiment  demonstrated  that  by  means  of  those 
13  phages  the  strains  of  Malassez  and  Vignal's  bacillus  could  be  grouped 
in  six  lysotype  groups  according  to  the  sensitivity  spectrum  of  the 
strains* 

The  first  group  (sensitive  to  all  the  phages,  except  to  phages 
3.  5  and  7)  includes  3  strains  all  belonging  to  type  III,  strains  3-IH, 
122-m  and  149-111  )i 

The  second  group  is  sensitive  to  all  the  phages  except  4  (1, 

3,  5  and  7)*  It  comprises  5  strains  of  type  III,  2  strains  of  type 
IV,  1  strain  of  type  II  and  1  strain  of  an  undetermined  type. 

The  third  group  is  sensitive  to  all  the  phages  except  5  (1, 

2,  3#  5  add  7)*  It  includes  5  strains  of  type  I  (strains  500-1, 

502-1,  503-1#  504-1,  512-1),  1  strain  of  type  II  (strain  *K>0-II), 

2  strains  of  type  IV  (strains  95-17  and  298-IV)  and  2  strains  of  an 
undetermined  type  (strains  489  and  505).  This  group,  therefore,  does 
not  contain  any  strain  of  type  III  or  of  type  V. 

The  fourth  group  is  sensitive  to  7  phages,  which  are  phages  4, 

8,  9,  10,  U,  12,  13.  It  includes  only  one  single  strain  of  type  n 
(strain  398)* 

The  fifth  group  is  sensitive  only  to  2  phages  (4  and  10). 

It  includes  two  strains  (479-11  and  480-11),  both  belonging  to  type 
II. 

Finally,  the  sixth  group  is  resistant  to  all  the  phages  ex¬ 
cept  one  (12),  Likewise,  it  includes  one  single  strain  (103-H) 
that  belongs  to  type  II. 

The  results  of  this  last  experiment  confirm  and  expand  the 
results  of  the  first  two.  They  indicate  clearly: 

a.  That  the  strains  of  Malassez  and  Vignal’s  bacillus  show 
rather  varied  spectrums  of  sensitivity  to  a  set  of  bacterio¬ 
phages. 

b.  That  seme  of  these  spectrums  are  homogeneous  from  the 
antigenic  point  of  view;  that  is  to  say  that  they  contain  only 

one  single  antigenic  type  (first  group:  type  III;  fifth  group:  type 
II).  This  homogeneity  suggests  an  interesting  relationship  between 
the  antigenic  structure  of  these  strains  and  their  lysotypic  image. 

o.  That  certain  antigenic  types  may  be  subdivided  into  se¬ 
veral  lytic  groups*  Thus  type  in  strains  can  produce  the  reactions 
of  lytic  groups  1  and  2:  type  II  strains  were  distributed  in  5  ly¬ 
tic  groups  (lytic  groups  2,  3,  4,  5,  and  6);  type  IV  strains  can 
be  subdivided  into  2  lytic  groups  (2  and  3)« 

On  the  other  hand,  all  the  type  I  strains,  5  in  all,  were 
classified  in  lytic  group  3  that  contains,  nevertheless,  a  small 
number  of  strains  belonging  to  other  antigenic  types  (1  strain  of 
type  II,  2  strains  of  type  IV  and  2  strains  of  an  undetermined  type). 

d*  Seme  antigenio  types  are  not  represented  in  certain  lytic 
groups,  although  these  groups  were  not  revealed  as  homogeneous  from 
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the  antigenic  point  of  view.  Thus,  no  typs  I  strain  appears  in  lytic 
groups  1  and  2  and  no  typs  III  strain  appsars  in  lytic  group  3. 

In  view  of  such  results,  one  has,  thsrsfors,  the  right  to 
think  that  it  is  possible  to  lysotype  Malasses  and  Vignal's  bacillus 
by  means  of  phages  taken  from  drain-water  and  phages  from  various 
other  sources.  Of  course  the  proof  of  the  epidemiological  value  of 
suoh  a  lyso  typing  remains  to  be  established. 


V  —  BIOCHEMICAL  IDENTITY  OF  THE  VARIOUS  STRAINS 
AND  THE  CASE  OF  SEROTYPE  IV 


Larch*  (192?)  and  Schttze  (1928)  damonstratad  that  all  tha 
strains  studiad  by  than,  although  earning  from  different  animal  spa- 
das,  formed  a  remarkably  homogeneous  group  in  their  biochemical  be¬ 
havior*  Knapp  (I960)  did  not  find  any  cultural,  biochemical  or  se¬ 
rologic  differences  between  strains  of  human  origin  and  strains  of 
animal  origin  either. 

The  systematic  study  jf  the  61?  strains  in  our  possession  did 
not  enable  us,  any  more  so  than  the  above-mentioned  authors,  to  dis¬ 
cover  the  slightest  difference,  regardless  of  the  animal  source,  the 
geographic  origin  or  the  age  of  the  strains. 

On  the  other  hand,  if  the  behavior  of  the  various  serotypes 
of  Malassez  and  Vignal's  bacillus  that  are  known  at  present  is  con¬ 
sidered,  certain  peculiarities  can  be  found  among  the  type  IV  strains, 
to  the  exclusion  of  any  other  type. 

The  addification  of  sodium  citrate  is  usually  faster  (2  to  4 
days,  generally,  at  18°  to  200)  with  this  type  of  strains  than  with 
the  others  that  require,  on  the  average,  two  to  five  weeks. 

Only  type  IV  strains  ferment  sodium  malonate  at  18<>  and  at 
20°.  Although  this  character  is  not  constant  since  it  is  lacking  in 
one  of  our  six  strains  of  this  type,  we  found  it,  nevertheless,  in 
this  group  alone. 

Sensitivity  to  specific  bacteriophage  is  definitely  less  in 
type  IV  strains.  Inhibition,  when  it  is  studied  in  plain  bouillon, 
is  always  less  definite  and  more  transitory  and  the  secondary  cultures 
much  more  precocious.  Knapp  (1962)  also  observed  that  the  confluent 
lysis  obtained  in  types  I,  II,  HI  and  V  strains  was  missing  from 
the  four  iype  IV  strains  examined  by  him  and  which  displayed  only 
areas  of  isolated  lysis* 

The  sensitivity  to  certain  antibiotics,  especially  colistatin, 
of  type  IV  strains  is  also  different  from  the  sensitivity  of  other 
types  of  strains  (Courtieu  and  colleagues,  1961). 

The  absence  [See  Note  l]  or  at  least  only  occasionally  their 
small  pathogenic  power  (Thai,  1953,  1955,  1956,  1962)  also  contri¬ 
butes  to  their  Individualization  [See  Not*  2J. 

([Note  It]  This  character  is  not  constant,  however.  Bouton 
and  Hall  (1961)  isolated,  in  an  acute  ease  of  mesenteric  adenitis 
in  a  child,  on*  strain  of  type  IV  that  was  as  virulent  as  the  other 
types  of  strains.  This  strain  was  the  only  on*  of  this  type  that 
did  not  ferment  malonate.) 

( [Note  2i ]  This  avirulenee  for  mammals  peculiar  to  type  IV 
strains  is  no  longer  found,  frr  example,  in  the  louse.  Krynski  and 
Becla  (1962)  observed  that  type  HI,  IV  and  V  strains  were  equally 
virulent  in  a  louse  that  had  been  infected  anally,  in  contrast  with 
strains  of  type  II  and  especially  of  type  I.) 

Although  the  number  of  type  IV  strains  in  our  possession  (six) 
is  too  small  to  authorise  a  formal  oonolusion,  it  is  none  the  less 
true  that  these  peculiarities,  in  spite  of  the  exceptions  pointed  out 
in  the  notes  to  the  preceding  paragraph,  provide  this  type  with  a 
certain  originality  within  the  group  of  Malassez  and  Vignal's  bacil¬ 
lus  that  is,  moreover,  so  homogeneous. 
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Two  questions  must  be  discussed  here:  on  the  one  hand,  the 
relations  of  Halasset  and  Vignal's  bacillus  with  Ter sin's  bacillus, 
on  the  other  hand,  the  relations  with  the  other  species  that  at  pre¬ 
sent  are  still  classified  in  the  genus  Pasteurella.  and  the  position 
that  Halassez  and  Vignal's  bacillus  must  occupy  definitively  in  sy¬ 
stematica* 


This  problem  is  summed  up  in  two  questions  *  what  are,  from  a 
practical,  point  of  view,  the  factors  that  enable  the  two  germs  to  be 
differentiated,  and  what  is,  from  the  dogmatic  point  of  view,  their 
exact  degree  of  relationship?  Although,  from  the  viewpoint  of  the 
cultural  and  bioohemioal  criteria,  it  is  now  easy  to  answer  the  first 
question,  the  second  one  is  an  infinitely  more  delicate  matter, 

Fran  a  practical  point  of  view,  two  tests  suffice  to  to  dif- 

bacillus  to 


n:i  ftr.fm.wn 


BE 


_  ,  among  tne  innumerable  criteria  that  have  been  proposed 

daring ~the  last  sixty  years,  the  unevenness  in  the  rapidity  of  culti¬ 
vation  and  the  disparity  in  the  nutritive  requirements  of  the  two 
germs,  the  differences  in  pH  observed  during  their  development  or  the 
differences  in  behavior  noted  on  certain  culture  mediums  (potato, 
litmus  milk,  deaerated  medimas,  Leif  son's  medium,  eto.)  or  in  the 
presence  of  certain  carbohydrate  substances  (rhamnose  and  glycerol 
moot  of  all,  but  also  melihiose,  etc.),  the  differences  in  sensitivity 
to  the  bacteriophage  detected  under  special,  precise  circumstances, 
etc*,  constitute,  indeed,  valuable  arguments,  none  of  them,  never¬ 
theless,  is  as  valuable  as  the  two  teste  mentioned  above  t  m 


irrer.»H  i.n’T  w* 

TT 

ft 

mrrr. 


_  question  or  tne  pnonxy  to  be  assigned  to  one 

of  these  two  teats  should  be  raised,  we  would  assign  it  to  the  deter¬ 
mination  of  urease*  Although*  in  feet,  certain  strains  of  Malasse* 
and  Vignal's  hadlias  are  probably  capable  of  losing  their  mobility 
definitively,  either,  according  to  Ftvorlsova  (1938).  due  to  mere 
aging  (we  have  not,  however,  observed  it  ourselves  in  strains  pre¬ 
served  without  transplanting  for  more  than  twenty  years),  or,  ac¬ 
cording  to  Brunet  (1932)*  due  to  action  of  bacteriophage,  the  use 
of  this  latter  technique  has  never  enabled  us  to  obtain  mutant#  in¬ 
capable  of  decaaposing  urea. 

In  fact,  the  real  problem  does  not  team  to  us  to  be  the 
differentiation  cf  the  two  germs,  but  rather  the  determination  of 
their  exact  degree  of  relationship.  Therefore,  we  shell  emphasise 
here  primarily  seme  parallel  f motors i 

Vi  shall  do  so  more  than  mention,  without  underestimating 
their  importance  but  because  they  lie  outside  the  framework  of  this 
study,  the  analogies  that  exist  in  the  antigenie  and  physio- patho- 
logio  spheral  the  existence  of  does  antigenic  relatione  that 
have  as  their  oansequeaees  the  possibility  of  crossed  vaccinations, 
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the  analogy  of  behavior  in  Xenopsylla  cheopis  (Blanc  and  Baltazard, 
19^)*  and,  finally,  the  analogy  in  the  pathogenic  modalities.  In 
connection  with  the  last  point  of  view  ,  it  must  be  emphasized  that, 
although  there  are  differences,  they  are  exclusively  quantitative  and 
are  due  only  to  differences  of  degree  in  virulence,  while  the  gang¬ 
lionic  tropism  is  identical  in  the  bubonic  forms  of  the  plague  and 
the  mesenteric  forms  of  the  infection  due  to  Malassez  and  Vignal's 
bacillus,  the  pulmonary  or  septicemic  manifestations  of  both  diseases 
are  identical  and  the  toxins  of  the  two  germs,  so  similar  in  their 
nature  (Girard,  1950),  have  the  same  neurotropism.  Finally,  the  histo¬ 
logical  substrate  of  the  two  infections  also  is  completely  super- 
posablej  "plague  is  a  pseudotuberculosis",  according  to  Dujardin- 
Beaumetz. 

Therefore,  the  only  difference  seems  to  be,  finally,  merely 
a  question  of  degree  in  virulence,  however,  this  calls  for  the 
following  marks  1  rT'M''*"4as  caused  by  Malassez  and  Vignal’s  ba¬ 
cillus  in  man  were,  before  antibiotic  therapy,  just  as  mortal  as 
the  plague  septicemias  themselves.  Experimentally ,  the  same  animal 
species  (dog  and  cat)  prove  to  be  immune  to  both  gems,  and,  espe¬ 
cially,  the  supreme  differentiation  criterium  thht  was  constituted 
for  a  long  time  by  the  susceptibility  of  the  white  rat  to  Tersin's 
bacillus  and  its  immunity  to  Malassez  and  Vignal's  bacillus,  must 
be  reconsidered  since  the  isolation,  by  0.  V.  Juscenko  (1957-1959), 
of  strains  of  Malassez  and  Vignal's  bacillus  that  are  highly  pathogenic 
for  the  rat  and  always  more  pathogenic  for  the  white  mouse  than  for 
the  guinea-pig.  Finally,  this  virulence  criterium  is  particularly 
weakened  if  one  takes  Into  account  the  existence  of  spontaneously 
avirulent  strains  of  Tersin's  bacillus  or,  as  Girard  (19^7)  has 
demonstrated,  of  strains  that  lose  part  or  even  all  of  their  virulence 
after  contact  with  bacteriophage. 

The  susceptibility  of  both  gems  to  the  same  antibiotics  and 
especially  to  the  same  bacteriophages  also  constitutes  a  remarkable 
similarity  factor  at  the  same  time  as  it  demonstrates  in  the  best  way 
the  fragility  of  the  biochemical  differentiation  criteria  to  the 
extent  that  Korobkova  (1937)  was  able,  by  means  of  this  technique,  to 
make  Te rain's  bacillus  acquire  the  ability  to  ferment  rhamnose  and  to 
the  extent  that  Baronet  (1952),  on  the  contrary,  was  able  to  make 
Malassez  and  Vignal's  bacillus  lose  its  locomotor  apparatus. 

If  one  is  satisfied  with  the  only  two  differentiation  criteria 
that  we  have  definitively  retained,  mobility  and  decomposition  of  urea, 
the  following  remarks  must  be  madei  in  so  far  as  the  mobility  of 
Malassez  and  Vignal's  baoillns  is  concerned,  on  the  one  hand  its  dis¬ 
appearance  under  the  special  conditions  that  ve  have  pointed  out  weakens 
its  dogmatic  importance  considerably,  on  the  other  hand  its  strict 
subordination  to  temperature  conditions  must  be  reconciled  with  the 
analogous  influence  exercised  by  temperature  on  a  number  of  characters 
of  Tersin's  bacillus,  for  example  on  its  nutritive  requirements  (Hila 
and  Spurr,  1952).  In  so  far  as  the  decomposition  of  urea  is  con¬ 
cerned,  we  believe  that  this  character  cannot  constitute,  by  itself, 
a  sufficient  distinction  at  the  "genua"  level  or  even  at  the  "species" 
level  and  it  must  be  retained  only  at  th#  "variety"  level,  like  the 
fermentation  of  glycerol,  the  reduction  of  nitrates  or  the  production 
of  nitrous  acid. 

Under  these  conditions,  we  believe  that  Malassez  and  Vignal'3 
bacillus  should  be  compered  with  Tersin's  bacillus  on  the  same  "variety” 
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level  as  the  varieties  that  Devignat  (1951)  individualized  under  the 
terns  "orientalis*.  "antiqua"  and  "mediaevalxa  *  in  this  last  mentioned 
species,  since  this  comparison  has,  like  the  subdivisions  proposed 
by  Devignat,  in  addition  to  a  biochemical  basis,  a  geographical  basis 
constituted  by  the  fact  that  Halassez  and  Vignal's  bacillus  has 
never  been  isolated  in  the  tropical  zone,  particularly  in  the  southern 
Sahara,  the  Belgian  Congo,  Madagascar  or  Viet-Naa,  as  Girard  (I960) 
emphasized. 

We  consider,  finally,  therefore,  that  both  species,  Tersin’s 
bacillus  and  Malassez  and  Vignal's  bacillus,  that  are,  at  present, 
still  separate  and  classified  one  under  the  genus  Pasteurs 11a  (Tre- 
visan,  1887),  the  other  under  the  genus  Cillopaa  teurilla  fftrevot. 
1948),  ought  to  be  brought  together,  as  shown  in  Table  I,  below. 

In  the  sane  genus  Terslnia,  proposed  by  Van  Loghem  (1944-1945?  1946). 

TABLE  I 


gems 

species 

variety 

urease 

glycerin 

nitra¬ 

tes 

0 

0 

+ 

Tersln's 

0 

+ 

Terslnia 

bacillus 

Fr.ttTT THtf 

0 

+ 

0 

Malassez  and  Vignal's 
bacillus 

■f 

+ 

Is  it  possible  to  develop  the  comparison  further?  Already, 
in  1926,  ELatogmref  and  Mogilevskaya  considered  Malassez  and  Vignal's 
bacillus  to  be  an  R-varlant  of  Te rein's  bacillus,  and  Harvey,  in  1933, 
as  a  plague  bacillus  in  symbiosis  with  a  bacteriophage.  Subsequently, 
Devignat  saw  in  these  two  germs  the  mutants  of  a  same  original  spe¬ 
cies,  and,  in  order  to  explain  the  disappearance  of  the  medieval 
plague  from  Europe,  published,  in  1951,  the  hypothesis  of  a  trans¬ 
formation  of  the  mediaevalis  variety  of  Tersin'e  bacillus  into  Mals- 
eea  and  Vignal's  barailus,  a  hypothesis  that  Is  added  to  Levine's 
(1913)  and  Boncjnelli  and  Aradas's  (1933),  had  admit tad,  from  s 
theoretical  point  of  view,  the  possibility  of  transition  from  one  to 
the  other  gem. 

Have  theme  hypotheses  begun  to  be  confirmed?  In  1912,  Rowland 
reported  that  by  cultivating  the  plague  bacillus  in  a  solution  of  its 
own  nuolsoprotein  be  had  succeeded  in  transforming  it  into  Kalasees 
and  Vignal's  bacillus,  but  the  discrimination  criteria  admitted  by 
this  author,  based  only  on  degrees  of  virulence,  prevent  us  from  sub¬ 
scribing  to  his  conclusions.  The  same  is  true  for  the  variants  of 
Malassez  and  Vignal's  bacillus  that  ELatogorof  and  Mogilevskaya  ob¬ 
tained  in  1920  and  Pokrovskaya  in  1934. 

In  1936,  Bessonova,  Lanskaya,  Holodtzova  and  Moaaolova  re- 
ported  five  oases  of  spontaneous  'tranmutatlon*  of  T arsin' s  ba¬ 
cillus  into  Halasset  and  Vignal's  bacillus  that  had  occurred  be¬ 
tween  1929  end  1936  in  214  strains  preserved  in  a  collection. 

Tumanslgr  reported,  two  years  later,  a  ease  of  transformation, 
under  the  influence  of  a  plague  bacteriophage,  of  Tersin'e  bacillus 
into  s  germ  Khat  resembled  very  closely  the  pseudotubereulosis 
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bacilli ",  a  result  that  was  close  to  Korobkava’s  who,  in  1937,  pro¬ 
duced,  by  also  subjecting  Yersin’s  bacillus  to  the  action  of  a  plague 
bacteriophage,  a  series  of  modifications  among  which  were  the  loss 
of  virulence  and  the  acidification  of  rhamnose  culture  mediums. 

Faddeeva  stated,  in  1939,  the  progression  of  these  transfor¬ 
mations  as  follows t  The  virulent  strains  of  Yersin’s  bacillus  are 
transformed  into  avirulent  strains  of  the  same  germ  which  in  turn 
are  transformed  into  R-form  avirulent  strains  of  Malassez  and  Vignal’s 
bacillus,  and  then  into  S-form  virulent  strains  of  this  last -mentioned 
bacillus. 

Finally,  although  all  these  observations  report  transitions 
of  Yersin’s  bacillus  to  Malassez  and  Vignal’s  bacillus,  an  opposite 
phenomenon  was  reported  by  Blanc  and  colleagues  (19**4;  1962)  as  a  re¬ 
sult  of  experiments  on  the  behavior  of  Malassez  and  Vignal’s  bacillus 
in  Xenopsylla  cheopjs, 

A  particularly  pertinent  discussion  of  these  observations  will 
be  found  in  Pollitzer  (195*0  and,  especially,  in  Girard  (19**?).  Indeed, 
none  ofMshese  observations  has  been  able  Lo  be  repeated  every  time 
(Pirie,  1929)  or  even  to  provide  a  demonstration,  really  above  all 
criticism,  of  the  reality  of  mutations  of  one  species  into  the  other 
(therefore  Blanc  and  we  ha~  jlmited  ourselves  to  writing  in  con¬ 
nection  with  one  of  thes*.  transformations"  that  "everything  occurred 
as  if  but  it  is  none  the  less  true  that  they  form  a  group  of 

facts  that  are,  to  say  the  least,  disturbing  and  that  plead  also  in 
favor  of  a  more  than  close  relationship  between  the  two  gems, 

b.  Relations  with  the  other  species  of  the  genus  Pasteurella 
and  taxonomic  problems, 

An  examination  of  Table  II,  below,  shows  sufficiently  that 
between  Yersin’s  and  Malassez  and  Vignal’s  bacilli,  on  the  one  hand, 
and  Pasteurella  septica  or  multocida.  on  the  other,  there  are  strictly 
no  characters  iKat  justify  keeping  these  three  gems  classified  any 
longer  in  the  genus  Pasteurella  (Trevisan,  1887),  and  no  one  could  have 
expressed  better  than  ftir'ani  (1942)  the  need  for  separating  the  first 
two  gems  from  ^  th*  strict  sensei  "the  developnent  of  the 

plague  and  pseudotuberculosis  bacilli  in  yeast  water  and  in  potato 
water,  the  absence  of  flocculation  of  a  serum  antiplague  filtrate  of 
Pasteurella  culture,  the  total  absence  of  lysis  of  the  Pasteurella 
genus  by  an  antiplague  bacteriophage  whose  polyvalency  and  activity 
are  very  pronounced,  add  still  more  to  the  bundle  of  arguments  invoked 
for  separating  Yersln’s  and  Malassez  and  Vlgnal's  bacilli  from  the 
Pasteurella  genus.  In  fact,  what  do  they  have  left  in  common?  Bi¬ 
polar  showing,  due  to  which  they  were  formerly  integrated  into  the 
same  genus.  Let  us  recognize  that  at  present  this  character  has 
nothing  specific  about  it," 

The  production  of  indole  and  the  fomentation  of  sucrose  by 
P.  oeptlca.  and  the  non-fermentation  of  glycerol,  of  rhamnose  and  cf 
esculin,  the  absence  of  antigenic  relations  (except  for  the  lipopoly- 
saccharide  isolated  from  P,  multocida  type  I  by  Bain  and  Knox  in 
1961),  the  difference  in  behavior  in  the  henatophagous  insects,  the 
presence  of  a  tetrathionate- reductase  and  the  absence  of  tats  galacto- 
sldase  confirm  again,  as  if  it  were  necessary,  the  contrast  between 
P,  septica  on  the  one  hand  and  the  Malassez  and  Vignal’s  and  Yersin’s 
bacilli  on  the  other. 
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Finally,  the  presence  in  comparison  with  these  three  germs  of  a 
species  as  different  in  its  morphology  and  in  its  cultivation  require¬ 
ments  as  the  agent  of  tularemia,  Past  sure  Ha  tularensis  in  the  present 
state  of  nomenclature,  also  calls  for  a  division  of  the  genus  Pasteurella 
whose  nomenclature  and  taxonomy  have  been  shown  by  Talbot  and  Sneath 
(I960)  to  be  incorrect. 

We  have  already  outlined  (see  page  2  ,  above)  the  regrettable 
practical  consequences  of  the  present  classification  and  the  ambi¬ 
guity  created  by  the  term  Pasteurella,  To  the  extent  that  nomenclature 
has  the  objective  *of  avoiding  or  rejecting  the  use  of  terms  and  names 
that  may  cause  errors  or  ambiguity  and  become,  consequently,  a  source 
of  confusion*  ( Bandar  csy,  1949),  we  believe  that  the  term  Pasteurella 
and  the  genus  that  it  designates  should  be  reserved  for  the  single 
species  P*  gepfcloa,  We  subscribe  then  fully  to  the  proposal  to  group 
Tar  sin*  s  and  Halasses  and  Vigaal*s  bacilli  in  the  new  genus  Yersinia 
(Van  Loghem,  1944),  as  we  do  to  Dcrofeef*s  (194?)  proposal,  taken  up 
by  Olsufiev  and  colleagues  (1959)  and  by  Philip  and  Owen  (1961) , 
to  put  the  agent  of  tularemia  in  the  new  genus  Franc-lsella  (Dorofeef , 
1947); 


TABLE  n 


DHYERSKTIAL  CHARACTERS  OF  HALASSE2  ASP  yiGHAL»S  BACILLUS. 
~~  OF  IBBSia*S  BACILLUS  ATOP  OF  PASTEURELLA  SEPTICA 


Malassez  and 
Tignal*s  ba¬ 
cillus 

Tersin’s 

bacillus 

Pasteurolla. 

septica 

Mobility  at  200 

0 

0 

Urease 

+ 

0 

0 

Indole 

0 

0 

+ 

cultivation 

on  potato 

+ 

U 

0 

yeast  water 

+ 

+ 

0 

hydrolysate  of 
gelatin  or  Berk- 

mannfs  medium 

+ 

0 

MacConkey*s 

medium 

+  . 

+ 

0 

Morris* s 

medium 

+ 

+ 

0 

Sucrose  , 

0 

0 

+ 

Rhannose 

+ 

0+ 

0 

Glycerin 

+ 

0+ 

0 

Esculin 

+ 

+ 

0 

Methyl  red 

+ 

+ 

0 

Tetrathionate  reductase 

0 

0 

+ 

Beta  galactosidase 

+ 

+ 

0 

Antigenic  relations 

+ 

+ 

0 

Bacteriophagic  relations 

+ 

+ 

0 

Persistance  in  Xeno- 

psylla  cheopis 

+ 

+ 

0 
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